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T h i r t e en p r ep ub e r t a l  fema l e s CM = 8 . 8 8  y e � r s ) w e r e  
t e s t e d  fo r t h e d e t e rm i na t i on o f  max i m um oxy g e n  up t a k e  
us i n g  t w o  p r o t o c o l s , one b e i n g  c on t i n uo u s  i n  n a t u r e  and 
t he o t h e r  d i s c o n t i n u o u s . E ac h  �ub j e c t  c o mp l e t e d t h r e e  
s ep a r a t e t e s t i n g  s e s s i o n s . The f i r s t  s e s s i on w a s  a 
f am i l i a r i z a t i o n s e s s i o n whe r e  e ac h  ch i l d was f am i l i a r i z e d  
w i t h  t h e  e q u i pme n t  an d exp e r i en c e d  a s i mu l a t e d  
d i s c ont i nu o u s  t e s t  o n  t he t r e adm i l l .  A c ont i nu o u s  
t r e adm i l l  t e s t and a d i s c o n t i n�ou s  t r e a dm i l l  t e s t  w e r e  
c o mp l e t e d b y  e a c h  s ub j e c t , t he o r de r o f  wh i c h  w a s  
r an dom l y  a s s i gn e d . The s p e e d  o f  t he con t i n u o u s  t e s t  w a s  
m a i nt a i n e d  a t  4 . 1 m p h  a n d  0 %  g r ade t h r o ugho u t  t h e t e s t . 
W i t h o u t  a r e s t b e t w e en w o r k l o ad s , t h e  g r a d e  w a s  i n c r e as e d  
b y  2 . 5 %  e v e r y  t h r e e  m i n u t e s  un t i l  t h e s ub j ec t  c o u l d  n o  . 
l onge r  c on t i nu e . The s p e e d  o f  t he d i s c ont i n u o u s  t e s t  w a s  
a l s o  ma i nt a i n e d  a t  a s p e e d  o f  4 . 1 mph an d 0 %  g r a d e . · A 
f i v e  m i nu t e r e s t  p e r i o d w a s  p l ac e d  b e t w e e n  e a ch t h r e e  
m i n u t e w o rk l o ad w i t h  t he g r a de be i n g  i n c r e a s e d  b y  2 . 5 % 
e a ch s t a g e  u n t i l  t h e  s ub j e c t  c o u l d  n o  l o n g e r  c o n t i n u e  o r  
un t i l  a p l a t e a u  o f  l e s s  t han o r  e q ua l t o  2 . 1 m l / kg/ m i n  
b e t w e e n  s u c c e s s i v e w o r k l o ad s  was r e ach e d . T h e  o p e n 
c i rcu i t  me t hod w a s  us e d  to d e t e rm i n e  m e t abo l i c m e a s u r e s . 
A co r r e l a t e d  g r o u p s  �-t e s t  w a s  u s e d  t o  d e t e rm i n e  i f  
s i gn i f i c an t d i f f e r en c e s  exi s t ed be t w e e n  t h e  m e an s o f  t h e 
depende n t  v a r i ab l e s  ( V 0 2 max i n  1 / m i n  �nd m l / k g/ m i n, 
r e s p i r a t o r y  exc h a n g e  r a t i o, an d s t a ge n umbe r a t  t he 
c e s s a t i o n o f  t h e t e s t ) f o r c o n t i n u o us and d i s c o n t i n uo us 
t e s t i n g . A s i gn i f i c an t d i f f e r e n c e  w a s  found i n  m ax i ma l  
oxygen up t ak e  v a l ue s  be t w e e n t he c o n t i n u o u s  and 
d i s c o n t i n u o u s  t e s t s  in bo t h  1 / m i n  an d m l / k g/ m i n .  T h e  
·m e an maxim a l  o x y g e n  up t ak e  for t he d i s c o n t i n u o us t e s t  w a s  
5 1 . 7 6 + 6 . 2 2 m l / k g/ m i n  a n d  f o r  t he c o n t i n u o us t e s t  w a s  
4 7 . 4 9 + 5 . 7 4 m l / k g/m i n . No s i gn i f i c an t d i f f e r e n c e  w a s  
f o und be t w e e n  t h e  t w o  t e s t  p r o t o c o l s  f o r  t h e  r e s p i r a t o ry 
exc h a n g e  r a t i o .  A s i gn i f i c a n t  d i f fe r e n c e  w a s  f o un d  
be t w e en t he s t a ge n umbe r a t  t e s t  t e rm i n a t i o n be t w e e n  t h e 
t w o  p r o t o c o l s . T h e  s ubj e c t s  we r e  ab l e  t o  c omp l e t e  1 . 4 
add i t i on al s t ag e s  du r i n g  t h e d i s c o n t i n u o u s  t e s t . 
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Ch apt er O n e  
INTRO D UC TION 
O v e r  t h e  p as t d e c ad e  t he be n e f i c i a l  e f f e c t s  o f  
phys i c a l  a c t i v i t y o n  h e a l t h  a r e  be c om i n g  m o r e  ap p a r en t 
( P owe l l ,  1 9 8 5 ) . Phys i c a l  a c t i v i t y  fo r t h e de v e l o p m e n t o f  
f i t n e s s  h a s  be c om e  a n  i mp o r t an t  p a r t  o f  t h e d a i l y  r o u t i n e  
o f  many Ame r i c a n s . M e n , women , bo ys , and g i r l s a r e  
s t r i v i n g  t o  be c o m e  m o r e  phys i c a l l y  f i t f o r  t h e  
d e v el o pm e n t o f  t h e  t o t a l  body and m i nd .  Phys i c al 
a c t i v i t y h a s  be e n  s h own t o  be p o s i t i v e l y  c o r r e l a t ed w i t h  
me n t a l  h e a l t h  and w e l l -be i n g  ( B l a i r ,  1 9 85 ) . 
L amb d e f i n e s  f i t n e s s  "as t h e c a p a c i t y  t o  m e e t  
s uc c e s s fu l l y  t h e p r e s e n t  and p o t e n t i a l  phys i c a l  c ha n g e s  
o f  l i fe" ( 1 9 8 4 , p .  5 ) . T h e  m o s t c ommo n l y  i d en t i f i ed 
compon e n t s  o f  f i t n e s s  a r e  body c omp o s i t i o n ,  f l ex i bi l i t y� 
s t r e n gt h , m u s c u l a r  endu r an c e , and c a rd i o v as cu l a r f i t n e s s . 
The s e  c omp o n e n t s  c an b e  me a s u r ed w i t h s p e c i f i c  t e s t s  t �a t  
a r e  r e l a t ed t o  e a c h  c omp o n en t  ( P o l l o c k , W i l m o r e , & F o x , 
1 9 7 8 ) . 
A c c o rd i n g  t o  C as p e r e n  ( 19 8 5 ) ,  f i t n e s s i s  a s e t  o f  
a t t r i bu t e s t h a t  c a n  b e  e i t he r  h e a l t h  r e l a t e d  o r  s k i l l  
r e l a t e d . F o r  h e al t h , t h e  m o s t i mp o r t an t  c omp o n en t o f. 
f i t n e s s  i s  a e r o b i c  w o r k  c a p ac i t y .  A e r o b i c  w o r k  c a p a c i t y 
s e ems t o  p r o t e c t  i nd i v i du a l s  f r om c o r o n a r y  a r t er y  d i s e a s e 
( L aP o r t e ,  1 9 85 ) . M e as u r i n g  t h e maximum am o u n t o f  o xy g e n  
t ha� a p e r s on i s  c a p abl e o f  us i n g  du r i n g h e av y  w o r k  i s  
t h e m o s t a c c ur a t e  way t o  as s e s �  ae r ob i c  w o r k  c a p a c i t y 
( M i yamur a  & H o n d a , 1 9 7 2 ) . I n  o rde r t o  a c c u r a t e l y  m e a s u r e  
maxi mum oxy g e n  up t ak e  ( V 0 2m ax ) , r e s e a r c h e r s  h a v e  u t i l i z ed 
mode s o f  exe r c i s e  i n  wh i ch t he w o rk l o ad c an be c ar e fu l l y 
r e gu l a t ed .  T h e s e t e s t s  a r e  c ommo n l y  k n own a s  s t r e s s  
t e s t s . 
A l t ho u gh s t r e s s  t e s t i n g  has be e n  c o mp l e t ed w i t h 
· i nd i v i d u a l s  o f  a l l  a ge s  and bo t h  s exe s , t h e m e a s u r em e n t 
o f  maxi m a l  oxy ge n  u p t a k e  h a s  be en e x am i n e d  p r i ma r i l y i n  
c o l le g e - a g e  m a l e s . I t  i s  i mp o r t an t  t ha t  t he 
d e t e rm i n at i on o f  m axi m a l  o xy g e n  up t ak e  be c omp l e t ed�o n 
p e o p l e  o f  a l l  a g e s  and b o t h  s exe s . M e as u r eme n t s  o f  
max i m a l oxy g e n  u p t ak e  h av e  be en c omp l e t ed u t i l i z i n g  
c h l d r e n  as s ubj e c t s ,  h ow e v e r , t h e m e t h o d  o f  m e a s u r em e nt 
h a s  be e n  q u e s t i o n ed ( Pa t e r s on , C un n i n gh am , & D on e r , 
1 9 8 1 ) .  T h e  _m e a s u r em e n t o f  max i m a l oxygen up t a k e  i n  
ch i l d r en ap p e a r s  t o  be m o r e  d i ff i cu l t  t h a n  i n  ad u l t s . 
Th i s  d i f f i c u l t y  p o s s i b l y  ex i s t s  be c a us e ch i l dr e n  may n o t  
be a s  h i gh l y  m o t i v a t ed t o  g i v e  a max i m a l  e f f o r t  o r  
b e c a u s e t he y  h a v e  n o t  p r e v i o u s l y  exp e r i e n c ed max i m a l 
e f fo r t s . T h e  c r i t e r i a  u s ed b y  m o s t  r e s e a r c h e r s  f o r  
de t e rm i n i n g  i f  a n  i n d i v i dual has a t t a i n e d  max i m a l  o x y g e n  
uptak e i s  whe t h e r  a p l at e ati i n  oxy g e n  u�t ak e ( V0 2 )  i s  
es t abl i s hed w i t h i n c r e a s i n g  w o r k l o ad s . B e c au s e o x ygen 
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u p t a k e  n o rma l l y  i n c r e a s e s  d r am a t i c a l l y  w i t h  e a c h  i n c r e a s e 
i n  w o r k , when an i n c r e as e  i n  V 0 2  i s  2 . 1 m l /k g/ m i n  o r  l e s s  
i t  has b e e n  a g r e e d  b y  r e s e a r c h e r s  t h a t  t h e s ub j e c t  h a s  
a t t a i n e d  a m ax i m um v a l ue ( L amb , 1 9 84 ) . 
When t e s t i n g  f o r max i m a l oxygen up t ak e  s e v e r a l  
m o d e s  o f  e x e r c i s e  hav e b e e n  u t i l i z e d. The b i cy c l e  
e r gome t e r , t he b e n c h , a n d  t h e t r e a dm i l l  have b e e n  u s e d  
m o s t f r e q u e n t l y f o r  t h e as s e s sm e n t o f  V 0 2 m ax. S t u d i e s  
have s hown t ha t , fo r m o s t i n d i v i dua l s , t he t r e a dm i l l  
e l i c i t s  t he h i gh e s t  V 0 2max ( S h e p a r d , 1 9 8 4 ) . A v a r i e t y  o f  
p r o t o c o l s  hav e b e e n u s e d  fo r t r e a dm i l l  t e s t i n g . 
G e n e r a l l y ,  t r e a dm i l l  V 0 2 m ax p r o t o c o l s  can b e  c l as s i f i e d 
as e i t h e r  c o n t i n u o u s  o r  d i s c o n t i n uous , w i t h  t h e m a j o r  
d i f f e r en c e  b e i n g  t h e p r e s e n c e  o r  ab s e n c e  o f  r e s t  p e r i o ds . 
T h e r e  a r e  a d v a n t a g e s  a n d  d i s a dvan t a g e s  f o r  b o t h  
c o n t i n u o u s  an d d i s c on t i nu o u s  p r o t o c o l s . The c o n t i n u o u s  
p r o t o c o l c a n  b e  c o mp l e t e d i n  a much s ho r t e r p e r i o d o f  
t i m e  b u t r e q u i r e s  a h i gh d e g r e e  o f  m o t i va t i o n b y  t h e 
s ub j e c t  t o  a t t a i n  max i m a l  v a l ue s . The d i s c o n t i n u o u s 
p r o t o c o l i s  c on t i nu e d  un t i l  a p l a t e au i s  r e a c h ed, 
t h e r e f o r e , a s s u r i n g  t h e s u c c e s s o f  t h e t e s t  b u t r e q u i r e s  
a l o n g e r  t e s t i n g  p e r i o d .  M an y  s t u d i e s , u s i n g  ad u l t s  as 
s ub j e c t s , have s h own no s i gn i f i c an t d i f f e r e n c e s  in V 0 2 m ax 
va l u e s  b e t w e e n  c o n t i nu o u s  an d d i s c o n t i n u o u s  V 0 2 m ax 
p r o t o c o l s  ( M a k s u d  & C o u t t s , 1 9 7 1 ;  M c A r d l e , K a t c h , & 
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P e c h a r , 1 9 7 3; F a r d y  & H e l l e r s t e i n, 1 9 7 8 ) . D ue t o  t h e 
t i m e  fa c t o r, m o s t r e s e a r c h e r s  h ave cho s en t h e  c o n t i n u o u s  
t es t .  
W h e n  t e s t i n g  c h i l d r en o n  t he t r e a dm i l l , u t i l i z i n g  
th e s am e  p r o t o c o l s  a s  w i t h adu l t s , a n umb e r  o f  a u t h o r s  
have e x p r e s s e d c on c e rn ab o u t  t h e r e l i ab i l i t y  o f  t h e  
r e s u l t s  ( S h e p ha r d , 1 9 84 ;  Maks ud & C o u t t s , 1 9 7 1 ;  M c A r d l e  
e t  a l. , 1 9 7 3 ; F r o e l i c he r , B r amm e l ,  D av i s ,  I gn a c i o , 
S t ew a r t , & L an c a s t e r , 1 9 7 4 ;  McKay & B a n i s t e r , 19 7 6 ) .  
· Mo d i fi c a t i on s  o f  p r o t o c o l s  may b e  ap p r o p r i a t e  b e c au s e  o f  
phys i c a l  d i f f e r e n c e s  b e t w e e n  c h i l d r e n  a n d  a du l t s . 
C h i l dr en h a v e  a s ho r t e r  r u n n i n g  s t r i d e an d � l e s s  
e f fi c i en t  r u n n i n g  s t y l e  t ha n  a d u l t s , t h e r e fo r e , t he y  mus t 
w o r k  h a r de r a n d e x p e n d  mo r e  e n e r gy t o  c ove r t h e s am e  
d i s t an c e  ( Ro w l an d  & H o o n t i s , 1 9 85 ) . C umm i n g a n d  F r i e s e n  
( 1 9 6 7 ) fo un d t ha t , when m e a s u r i n g  V 0 2max i n  c h i l d r e n o n  a 
b i c yc l e  e r gome t e r, i t  was d i f f i c u l t  t o  ob t a i n a t r u e  
p l a t eau i n  o x y gen up t ak e. P a t e r s on e t  a l . ( 1 9 8 1 )  t e s t e d 
e i gh t  b o ys w h o  e a c h  c om p l e t e d  n i n e  max ima l c o n t i n u o u s 
t r e adm i l l  t e s t s .  On l y  2 4  o f  t h e 7 2  t e s t s  demo n s t r a t e d  a 
t r ue p l a t e au. U s i n g  a d i s c o n t i n uous p r o t o c o l ,  
K r ahenb uh l , P an gr az i ,  & C homo k o s  ( 1 9 7 9 )  f o u n d a p l a t e au 
t o  b e  r e a c h e d  i n  V 0 2  i n  6 0 %  o f  t he i r  p r e p ub e s c e n t ma l e  
s ub j e c t s .  
I n  a d d i t i o n  t o  phys i c a l  d i ff e r etic e s  b e t w e e n 
c h i l d r e n  a n d  a d u l t s , t h e r e  may b e  s om e  m o t i v a t i o n a l  
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fac t o r s  t o  a l s o  c o n s i d e r . C h i l d r e n  hav e n o t  t yp i c a l l y 
e x�e r i e n c e d  max i m a l e f f o r t s a n d  m ay s t o p r u n n i n g  b e f o r e  
r e ac h i n g  V 0 2 max o n  a c o n t i n u o u s  t e s t . T h e r e fo r e , i t  may 
n o t  be  app r o p r i a t e  t o  use a c on t i n u o u s  p r o t o c o l f o r  t h e  
d e t e rm i n a t i o n o f  V 0 2 m a x  i n  c h i l d r e n . I t  may b e  m o s t  
app r o p r i a t e  t o  u s e  a d i s c o n t i n u o u s  p r o t o c o l f o r  c h i l d r e n  
t o  a s s u r e  t he a t t a i nm e n t  o f  a t r ue m e a s u r e  o f  V 0 2 m a x . 
S T AT E M E N T  OF THE PROB LEM 
T h e  p upp o s e  o f  t h i s  s t u dy was t o  d e t e rm i n e  
whe t h e r  c o n t i n u o u s  t r e a dm i l l  t e s t i n g  e l i c i t s  s i m i l i a r  
max i mum o x y g e n  u p t ak e  v a l ue s  a s  d i s c o n t i n u ous t r e adm i l l  
t e s t i n g  i n  8 ,  9 ,  a n d  10 y e a r  o l d  female s . 
n u l l hyp o t he s e s  t o  b e  t e s t e d w e r e : 
T h e  s p e c i f i c  
l .  T h e r e  i s  n o  d i ff e r e n c e  i n  max i m um o x y gen 
up t ak e  in  l i t e r s / m i n u t e u s i n g  a c o n t i nu o u s  t r e a dm i l l  
p r o t o c o l v e r s us a, d i s c o n t i n u o u s  t r e a dm i l l  p r o t o c o l .  
2 .  T h e r e  i s  n o  d i f f e r e n c e  i n  max i mum o x y g e n  
up t ak e  i n  m i l l i l i t e r s / k i l o g r am/m i n u t e us i n g  a c o n t i n uo us 
t r e a dm i l l  p r o t o c o l  v e r s us a d i s c o n t i n u o u s  t r e a dm i l l  
p r o t o c o l .  
3 .  T h e r e  i s  n o  d i f f e r e n c e  i n  t h e  r e s p i r a t o r y  
e x c h a n g e  r a t i o  a t  max imum oxygen up t ak e  us i n g  a 
c o n t i n u o u s  t r e a dm i l l  p r o t o c o l v e r s u s  a d i s c on t i nu o u s  
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t r e a dm i l l  p r o t o c o l . 
4 .  Th e r e  i s  n o  d i f fe r e n c e  i n  t h e s t ag e  n umb e r  a t  
wh i c h  t h e  t e s t  w a s  t e rm i n a t e d us i n g  a c o n t i n u o u s 
t r e a dm i l l  p r o t o c o l  v e r s u s  a d i s c o n t i n u o u s  t r e a dm i l l  
p r o t o c o l .  
A S S UMPTION S  
For t he p u r p o s e of t h i s  i n v e s t i ga t i o n t he 
fo l l ow i n g a s s um p t i o n s  a r e  a c k n ow l e d g e d : 
1 .  I t  i �  a s s um e d  t ha t  a l l fem a l e s a g e s  8 ,  9 ,  
an d 1 0  y e a � s a r e  c apab l e  o f  g i v i n g  a max i m a l e f f o r t . 
2. I t  i s  a s s um e d  t ha t  a l l f em a l e s  o f  age s 8 ,  9 ,  
an d 1 0  ye a r s  r e s p o n d  t o  max i m a l  t r e a dm i l l  e x e r c i s e  i n  a 
s i m i l i ar p hy s i o l o g i c a l .man n e r . 
3 .  I t i s  as s um e d  t ha t  t he l e v el o f  ma t u r a t i o n 
o f  t h e  s ub j e c t s  i n  t he a g e  r an ge d i d  n o t  a f f e c t  t h e i r  
phys i o l o g i c a l  r e s p o n s e s . 
4 .  I t  i s  a s s um e d  t h a t  s ma l l v a r i a t i o n s  i n  
e n v i r o nme n t a l  c on d i t i o n s  i n  t h e l ab d i d  n o t  a f fe c t  t h e 
r e s u l t s . 
LIMI T A TIONS 
A p r e v i o u s  s t u dy u t i l i z i n g  a du l t s  as s ub j e c t s ,  
c omp l e t e d i n  t h i s  s am e  lab o r a t o ry ·has f6tin d V 0 2 max v a l ue s  
t o  b e  s om e w h a t  h i gh e r  w h e n  c om p a r e d  t o  t h e  p o p u l a t i o n 
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n o rm s  ( M e t t l e r , 1 9 85 ) . I n  t he p r e s e n t  s t ud y  e v e r y 
p o t en t i a l  l o c ati o n  f o r  e r r o r  w a s  i nve s t i ga t e d . N o  s o u r c e  
o f  e r r o r  w a s  f o u n d .  How e v e r , t he mean V 0 2 m ax a n d  R E R 
va l u e s  s ho u l d  b e  c omp a r e d  wit h c aut i o n t o  va l u e s  r e p o r t e d 
i n  t h e  l i t e r a t u r e . I f  an e r r o r  d i d  e x i s t , i t  w a s  
s y s t em a t i c  i n  n a t u r e  a n d d i d  n o t  e f f e c t  t h e t e s t i n g  o f  
t h e hyp o t he s e s . 
SC OPE OF THE STUDY 
Thir t e e n  f e ma l es , a g e s  8 ,  9 ,  a n d  1 0  y e a r s  w e r e  
t e s t e d  fo r d e t e rmi n a t i o n o f  V 0 2 max . V o l un t e e r s  w e r e  
a c q uir e d  t h r o u gh p e r s o n a l  c ommun i c a t i o n �i t h  t he 
s ub je c t s '  p a r e n t s . A l l s ub j e c t s r e s i de d  i n  B r o o k i n gs , 
S o ut h D ako t a . E a c h  c h i l d  c omp l e t e d  t h r e e  s e p a r a t e  
m ax i m a l  t r e a dm i l l  t e s t s . T h e  f i r s t  t e s t  w a s  i n c o r p o r a t e d 
i n t o  a f am i l i a r i za t i o n s e s s i o n . The s e c o n d  a n d t h i r d  
max ima l t e s t s  w e r e  e i t he r · a d i s c o n t i n uous o r  a c � n t i n u o u s  
t e s t , t h e o r d e r  o f  wh i ch w a s  r an dom l y  a s s i gn e d . A l l 
t es t i n g  w a s  c omp l e t e d o n  a m o t o r- d r i v en t r e adm i l l .  T h e  
t e s t i n g  w a s  d o n e  a t  a p p r ox i m a t e l y  t h e s am e  t i m e  e a c h  d ay , 
wit h e a c h  t e s t i n g s e s s i o n b e i n g  s ep a r a t e d  b y  a t  l e a s t 4 8  
h o u r s . The t e s t i n g  w a s  c a r r i e d  o u t  i n  t he H um a n  
P e r f o rman c e  L ab o r a t o r y a t  S o ut h D ako t a  S t a t e  Un i v e r s i t y .  
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DEFINI TION O F  TERMS 
A g r a d e d  e x e r c i s e  t e s t  
i n v o l v i n g t h e g r ad u a l t r a n s i s t i o n f rom l ow i n t e n s i t y  t o  
max i m a l  w o r k  c a p a c i t y  w i t h  n o  r e s t s  p e r i o d s  i n  t h e 
p r o c e du r e  ( L amb , 1 9 8 4 ) 
A g r a d e d  e x e r c i s e  t e s t  
i n v o l v i n g  t h e g r a d u a l t r an s i t i o n f r om l ow i n t e n s i t y  t o  
max i m a l wo r k  c a p a c i t y  i n c o r p o r a t i n g a l t e rn a t i n g  w o rk a n d  
r e s t  i n t e r v a l s ( L am b , 1 9 84 ) . 
M��!��! �ffQ�!: T h e  p o i n t  a t  wh i c h an i n d i v i du a l c an n o  
l o n ge r  c on t i nu e  t o  e x e r c i s e  ( P at e r s on e t  a l . ,  1 9 8 1 ) .  
T h e  max imum n umb e r  o f  t i m e s  t h a t  
t h e h e a r t  c an c o n t r a c t  i n  on e m i nu t e ( L amb , 1 9 84 ) . 
T h e  max i mal am oun t o f  o x y g e n  
t ha t  c an b e  u t i l i z e d  b y  t h e  b o dy i n  o n e  m i nu t e f o r  t h e 
p r odu c t i o n o f  A T P . Max i m a l oxygen i n t ake, a e r o b i c  wo rk 
capac i t y, an d V 0 2 m a x  a r e  t e rm s  u s e d  s yn on om o u s l y  w i t h  
max ima l o x y g e n  up t a k e  ( L amb , 1 9 8 4 ) 
Whe n  t h e d i f f e r e n c e  b e t w e e n  two s u c c e s s i v e  
w o rk l o a d s  o f  t h e t e s t  p r o t o c o l i s  l e s s  t h an o r  e qu a l  t o  
2 . 1 m l / k g/ m i n  ( L amb , 19 84 ) . 
The r a t i o  o f  t h e v o l um e  o f  
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carb on d i ox i d e  p r o d u c e d  o v e r  t h e v o l ume o f  o x y g e n  
c onsum e d . 
SIGNIFIC ANC E OF T HE S TUDY 
T h e  exam i nat i o n o f  max imal e x e r c i s e t e s t i n g  as a 
de t e rm i nan t o f  car d i o v a s c u l ar f i t n e s s  has b e e n  
ex t e n s i v e l y  s t u d i e d an d p r e s en t e d i n  t h e s c i en t i f i c  
· l i t e rat u r e , howe v�r , t h e s e s t u d i e s  hav e m o s t l y b e e n  d o n e  
on c o l l e ge-age ma l e s ( McAr d l e  e t  al . ,  1 9 7 3 ; M i yam u r a  & 
H o n da ,  1 9 7 2 ; K e r e n , Mag a z an i k , & E p s t e i n , 1 9 8 0 ; M a k s u d . & 
C o u t t s , 1 9 7 1 ) .  C ar d i o vas cu l a r en duran c e  i s  a l s o  an 
imp o r t an t  d e t e rm i nan t of f i t n e s s l ev e l s  in c h i l d r e n . 
W i t h  t h e g r eat · emp has i s  cu r r en t l y  b e i n g  p l ac e d  o n  
phys i c a l  f i t n e s s , i t  i s  i mp o r t an t  t o  b e  ab l e  t o  m e a s u r e. 
phys i ca l  f i t n e s s  ac cu rat e l y .  T h e r e  h av e  b e en few s t u d i e s 
c omp l e t �d ori max i ma l  e x e r c i s e  t e s t i n g  w i t h  c h i l d r e n . 
M o r e  r e s ear c h  n e e d s  t o  b e  p r o v i d e d  i n  t h i s  a r ea .  I n  
add i t i o n t o  p r o v i d i n g  �o r e  d a t a  o n  max i m a l e x e r c i s e 
t e s t i n g  i n  c h i l d r e n , t h i s  s t u dy has a t t emp t e d  t o· 
d e t e rm i n e  i f  t h e r e  i s  a s i gn i f i c a n t  d i f f e r e n c e  b e t w e e n  
t w o  t e s t  p r o t o c o l s , o n e  be i n g  c o n t i n uous i n  na t u r e  a n d 
t he o t h e r  b e i n g  d i s c o n t i n uous . 
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Ch apt er Two 
REVIEW OF LI T E RATURE 
T h i s  c h ap t e r  r e v i ews t he r e s e a r c h  l i t e r a t u r e  t h a t  
h a s  b e e n  pub l i s h e d  o n  m ax i m a l e x e r c i s e  t e s t i n g  t h a t  i s  
r e l e van t t o  t h i s  s t udy . T h e  r e v i ew o f  l i t e r a t u r e  h a s  
b e en d i v i d e d  i n t o  fou r c a t e go r i e s :  ( a ) max i m a l o x y g e n  
up t ak e, ( b )  m o d e s  o f  t e s t i n g , ( c ) c o n t i n u o u s  a n d  
d i s c on t i n u o u s  t e s t  p r o t o c ols , a n d  ( d ) max i m a l o x y g e n  
up t a k e  i n  c h i l d r e n .  T o  c o n c l ude t h e c h ap t e r  a b r i e f  
s umma r y  of t h e l i t e r a t u r e  r e v i ew i s  p r e s e n t e d. 
Maxim al O xyg en Upt ak e  
Max i m a l  o x y g e n  up t ak e , max ima l a e rob i c  p ow e r, 
max i m al o x y g e n  i n t ak e , a n d  V 0 2 m ax a r e  t e rm s  w h i ch all 
r e fe r  t o  t he max i m um amo u n t o f  oxygen t h a t  c a n  b e  
u t i l i z e d b y  a n  i n d i v i du al du r i n g  p hy s i c al a c t i v i t y. I t  
i s  a m e a s u r e  o f  t h e c a p ac i t y  t o  t r ans p o r t  o x y g e n  t o  t he 
t i s s u e s ·o f  t he b o dy an d t he c ap ab i l i t y  o f  t h e  c el l s t o  
us e t h a t  o x y g e n  ( M i t chell & B l omqv i s t , 1 9 7 1 ) .  Max i mal 
ox ygen up t ak e  h a s  b e e n  d e t e rm i n e d  t o  b e  t h e  b e s t  s i n gle 
i n d i c a t o r  o f  a e r o b i c  w o r k  c a p a c i t y  a n d  le v el o f  
c a r d i ov a s cular f i t n e s s . The h i gh e r  a p e r s o n ' s  V 0 2 ma x  
. v a l u e t h e b e t t e r  t h e p h y s i cal ae rob i c  c o n d i t i o n  o f  t h a t  
p e r s on ( M i y am ur a  & H o n d a , 1 9 7 2 ) .  
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. 1 1  
Max i m a l o x ygen up t ak e  i s  sai d t o  b e  a t t a i n e d  w h e n  
an i n d i v i du a l 's m a ximal c a p ab i li t y  t o  u t i l i z e  o x y g e n  
r e ac h e s  i t s l i m i t ( M i t c h e l l & B l om qv i s t , 1 9 7 1 ) .  A s  
·w o rk l o ad s  ar e s e qu e n t i a l ly i n c r e as e d, o x y g e n  u p t ak e  
i n c r e as e s  un t i l  t h e am o un t  o f  o x ygen b e i n g-c o n s um e d  n o  
l on ge r  i n c r eas e s  d e s p i t e  an i n c r eas e i n  t he am o u n t  o f  
wo r k  b e i n g  ac c om p l i s h e d . T h i s  amoun t i s  k n own a s  V 0 2 m a x . 
Max i m a l o x y ge n  c om s ump t i on dep e n d s  on t w o  
fac t o rs :  ( a ) max i ma l  c a r d i ac o u t p u t  a n d  ( b )  ar t e r i o v e n o us 
·o x y ge n  d i f f e r e n c e  ( A- V  02 d i f f e r e n c e ) .  A c c o r d i n g  t o  L amb 
( 1 9 84 ) , max i m a l c a r d i ac o u t p u t  is t h e max i mum am o u n t o f  
b l o o d  t hat can b e  p um p e d  f r om t he h e a r t p e r  m i n u t e . A - V 
0 2  d i f f e r e n c e  i s  t he d i f f e r e n c e  b e t w e e n  t h e o x y g e n  
c on t en t  o f  t he ar t e r i al b l o o d  and t h e o x y g e n  c o n t e n t  i n  
t he v e n o u s  b l o o d . T h e r e f o re, t h e A - V  0 2  d i f f e r e n c e  
r e p r e s e n t s  t h e d e g r e e  t o  w h i ch oxygen c o n t a i n e d  i n  t h e 
b l o o d  i s  b e i n g  u t i l i z e d f o r  ae r ob i c  a c t i v i t y  ( M i t c he l l & 
B l om qv i s t , 1 97 1 ) .  
A d d i t i on a l l y ,  V 0 2m ax i s  d e p e n d en t on v a r i ab l e s 
s uc h  a s  age,  s e x, a n d  b o dy s i z e . M i t c he l l  a n d  B l om q v i s t  
( 1 9 7 1 )  hav e i n d i c a t e d  t h a t  V0 2max r e a c h e s  i t s  p e ak 
b e t w e e n  t h e ag e s  of 1 5  a n d  2 0  y e a r s  w i t h  a g r adu a l 
d e c l i n e  i n  V 0 2 m ax v alu e s , t h e r e a f t e r, due t o  t h e a g i n g  
p r o c e s s . Na g l e , H agb e r g, & Kame i ( 1 9 7 7 ) f o u n d  t h a t  t h e 
c o l l e g e- a g e  m a l e s  h a d  an av � r a ge o f  e i gh t  p e r c e n t  h i gh e r  
V 0 2 m ax v a l ue s  t ha n  c o l l e ge - a g e fema l e s . B e c a us e a l a r g e r  
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i n d i v i du a l h a s  a g r e a t e r  ab s o l u t e  v a l u e o f  o x y g e n  up t ak e  
t han a s m a l l e r  in d i v i du a l , V 0 2 max i s  o f t e n· e x p r e s s e d  b o t h  
i n  t e r ms o f  1 / m i n  an d m l / k g/ m i n. When e x p r e s s e d  i n  
l i t e r s  p e r  m i n u t e , V 0 2 m ax r e p r e s e n t s t he t o t a l  v o l um e  o f  
oxygen t h e b o d y  u s e s . Th i s  is mos t app r o p ria t e l y  u s e d  
wh e n  mak i n g  i n t r�i n d i v i du a l  c ompar i s on s . Wh e n  e x p r e s s e d 
in·m i l l i l i t e r s  p e r  k i l o g r am p e r  m i n u t e , V 0 2 m ax 
r ep r e s e n t s  t h e r e l a t i v e  v o l um e  o f  oxygen c o n s um e d. 
E x p r e s s i n g  V 0 2 m ax i n  t h i s  mann e r  a l l ow s  o n e  t o  m ake 
i n t e r i n d i v i du a l c omp a ris on s ( L amb , 1984) .  
Mo d es of T esting 
M a n y  V 0 2 max s t u d i e s h a v e  b e e n  c omp l e t e d fo r t h e 
p u rp o s e o f  c omp a r i n g  t h e  t r e a dmil l an d t he b i c y c l e  
e r gome t e r  a s  t he wo r k  p r o d u c i n g  mo de. Max i m a l o x y gen 
up t ake h a s  b e e n  f o u n d to be c on s i s t en t l y  h i gh e r  o n  t h e  
mo t o r d r i v e n  t r e a dm i l l  t h an o n  t h e b i c yc l e  e r gom e t e r  
( He rm an s o n & S a l t i n , 1969; Ke r en e t  a l . , 1980; M cA r d l e & 
M a ge l , 1970; M c K a y  & B an n i s t e r , 1976; and .M i yam u r a  & 
Honda , 1972) . 
H e rman s o n  a n d  S a l t i n (1969) c o n du c t e d  a s t u dy , 
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w i t h  5 5  ma l e  s ub j e c t s , ages  19 t o  68, t o  d e t e rm i n e 
whe t h e r  t h e m a x i m a l  o x y g e n  up t ak e  v a l u e s  a c h i e v e d when 
runn i n g  o n  a t r e a dm i l l  were s i gn i f i c an t l y d i f f e r e n t  t h an 
t h o s e  d e t e rm i n e d  b y  c y cl i n g  o n  a b i c yc l e  e r gom e t e r . T h e  
t r e a dm i l l  t e s t  a n d  t he b i cy c l e  e r gome t e r  t e s t  w e r e  
d i s c o n t i n u o u s  i n  n a t u r e . T h e  t r e a dm i ll t e s t w a s  a 
m od i f i e d  Taylo r p r o t o c o l . . The i n c l i n a t i o n w a s  a l way s 
ma i n t a i n e d  at 5 . 2 5 %  g r ad e  a n d  t h e s p e e d  was i n c r e a s e d  2 
k�/ h r  w i t h  e a ch s u c c e s s i v e  s t age un t i l  a p l at e au i n  V 0 2  
o c c u r r e d . The b i c ycle e r gome t e r  t e s t  was t h e A s t ran d a n d  
S alt i n  p r o t o c ol, whe r e  t h e w o r k l o ad was i n c r eas e d  b y  2 0 0  
k pm/ m i n  w i t h  e a c h  s u c c e s s i v e  s t age un t i l  V 0 2 max w a s  
r eac he d .  T h e  m e an V 0 2 m ax val u e s  w e r e  4 . 1 8  1 / m i n  o n  t h e 
t r eadm i l l  a n d  3 . 9 0 l / m i n  o n  t h e  b i c ycle, wh i c h  was a 
s i gn i f i c a n t d i f f e r en c e . I t  w a s  d e t e rm i n e d  t h a t  4 7  o u t  o f  
t he 5 5  s ub j e c t s  h a d  a h i gh e r  max i ma l  oxygen u p t a k e  v alu e 
o n  t he t r eadm i l l .  
I n  1 9 7 0 , M c A r dle a n d  Ma gie pub l i s h e d  a s t u dy 
wh i c h t e s t e d  2 3  t ra i n e d  c o l le g e -age male a t hle t e s t o  
c omp a r e  V 0 2 m ax an d p h y s i c a l  w o r k  capac i t y ( PWC ) o n  t he 
t r e a dm i l l an d b i c ycle e r gome t e r . P hys i c a l  w o r k  c a p ac i t y 
i s  a m e a s u r em e n t o f  p h y s i c a l  f i t n e s s  t h a t  de t e rm i n e s  t h e 
w o r k l o a d  t ha t  w i ll el i c i t  a h e a r t  r a t e  o f  1 5 0  b p m  
( PWC 1 5 0 ) , 1 7 0  b pm ( PWC 1 7 0 ) ,  o r  a maximum h ear t r a t e 
( PWC max ) . T h e  t r e adm i ll t e s t  p r o t o c ol c o n s i s t e d  o f  
walk i n g  a t  a s p e e d  o f  3 . 4  mph an d 0 %  g r ade f o r  t h e  f i r s t  
t w o  m i n u t e s ,  w i t h  a g r a d e  i n c r e a s e o f  l% e a c h  m i n u t e , 
t h e r e a ft e r ,  u n t i l exh a u s t i o n . The b i c yc l e  e r gom e t e r  t e s t  
p r o t o c ol c o n s i s t e d o f  p e d al i n g  a t  6 0  rpm w i t h  an i n c r e a s e  
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of 1 8 0  k gm / m i n  e v e r y t w o m i n u t e s  un t i l  e x haus t i o n . W h e n  
c ompa r i n g  PWC 1 5 0  an d PWC17 0 , hear t r a t e s  w e r e  r e a c h e d a t  
h i gh e r  p e r c e n t ag e s  o f  V 0 2max o n  t h e b i c y c l e  e r gom e t e r . 
On t he b i k e , PWC 1 5 0  was r e ac h e d  a t  7 0 %  o f  V 0 2 max an d 
PWC 1 7 0  was r e a c h e d  a t  8 8% o f  V0 2 max . W h i l e  o n  t he 
t r e adm i l l , PWC 1 5 0  w as r e a c h e d  a t  6 6% o f  V 0 2max a n d  PWC 1 7 0  · 
was r e a c h e d  a t  8 3 %  o f  V 0 2max . A t  PWCmax t h e r e  w a s  n o  
s i gn i f i c an t d i f fe r en c e b e t w e en h e a r t  r a t e s  e l i c i t e d  o n  
t he t r e a dm i l l  an d b i c yc l e  e r gome t e r . T h e  aut ho r s  
d e t e rm i n e d  t ha t  t he m e a n  V 0 2 m ax v a l u e s  ach i ev e d  w e r e  
s i gn i f i can t l y  htghe r o n  t he t r e a dm i l l  ( 4 2 . 7  m l / k g / m i n ) as 
c omp a r e d  to t he b i c y c l e  e g ome t e r  ( 3 8 . 5  m l / k gjm i n ) .  
M i yam u r a  a n d  H o n d a  ( 1 97 � )  s t u d i e d t h e r e s p o n s e s  
o f  s t u de n t s  ( 1 8 t o  2 3  y e a r s ) t o  max i m a l e x e r c i s e  t e s t i n g  
t o  c omp a r e  max i mum o x y g e n  up t a k e  o n  t he t r e adm i l l  a n d  
b i c yc l e  e r g ome t e r . · E ac h  s t u d e n t was t e s t e d  o n  t h e  
t r e a dm i l l  a n d  b i c yc l e  e r gome t e r  u s i n g  b o t h  c o n s t a n t  
l o a d i n g  an d i n c r em e n t a l  l o a d i n g  t e chn i que s . I n  b o t h  
p r o t o c o l s  t h e w o r k l o ad s  we r e  s e t  t o  e l i c i t  a m a x i m um 
e f fo r t  w i t h i n  4 t o  8 m i n ut e s . The s t e pw i s e  i n c r e m e n t a l  
l o a d i n g  t e c h n i qu e  i n v o l v e d  an i n c r e a s e  o f  1 0  m/ m i n , f o r 
t h e t r e a dm i l l ,  an d 1 8 0 k g/ m i n, f o r  t h e  e r gome t e r , e a c h  
m i n u t e  un t i l  e x h a u s t i o n . On t h e c o n s t an t  l o a d i n g  
t e chn i qu e  t h e  s ub j e c t s  e x e r c i s e d  a t  a s e t  w o r k l oad c ho s en 
t o  e x h a u s t t h em w i t h i n  4 t o  8 m i n u t e s . T h e r e  w e r e  no 
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s i gn i f i c a n t  d i f f e r e n c e s  i n  V 0 2 m a x  v a l ues f o r  t h e 
t r e a dm il l  t e s t  b e t w e e n  t he s t epw i s e  i n c r em e n t al l o a d i n g  
and t h e c o n s t an t  l o a d i n g  t e c hn i qu e s . The V 0 2 m a x  v a l u e 
f o r  t he b i c y c l e  e r gome t e r t e s t  o n  t h e s t e pw i s e 
i n c reme n t a l  l o a d i n g  was s i gn i f i c an t l y  g r e a t e r  ( 3 . 3 7 
1 /m i n ) t h an f o r  t h e c o n s t an t  l o a d i n g  ( 3 . 5 8 1 /m i n ) .  T h e  
V 0 2 max v a l ue s  e l i c i t e d  on t h e t r e a dm i l l  we r e  
s i gn i f i can t l y g r e a t e r  t h an t h o s e  o n  t he b i cy c l e  
e r gome t e r . 
, M c K ay an d B an i s t e r  ( 1 9 7 6 )  t e s t e d f i v e  m ale 
s ub j e c t s  ( 2 4 . 8  + 2 . 5  y e a r s ) who e a c h  comp l e t e d  e i gh t  
max i m a l e x e r c i s e t e s t s , f o u r  on t h e t r e a dm i l l  a n d  f o u r  on 
t he b i c yc l e  e r gom e t e r , in o r d e r  to c omp a r e  max i m a l o x y g e n  
up t ak e  v a l u e s . On t he b i cyc l e  e r gom e t e r  e a ch s ub j e c t  
p e da l e d a t  s p e e d s  o f  6 0 , 8 0 , 1 0 0 , a n d  1 2 0  r pm w i t h  
i n c r e as i n g  w o r k l o a d s  u n t i l  exhaus t i on w a s  r e a c he d . On 
t he b i c y c l e  e r go m e t e r  e x haus t i o n  was de f i n e d  as "t he 
p o i n t  in  each t e s t  a t  wh i c h t h e r e qu i r e d  p e d a l i n g  
f r e q ue n c y c o u l d  n o  l o n g e r  b e  ma i n t a i n e d" ( p .  1 9 3 ) . On 
t h e t r e a dm i l l  e a c h  s ub j e c t  r an a t  s p e e d s o f  6 ,  6 . 5 ,  7 ,  
a n d  7 . 5  mph . E ac h  t e s t  b e gan a t  0 %  g r a d e  a n d  was 
i n c r e a s e d  by 2 . 5 % each m i nu t e un t i l  exhaus t i o n .  On t h e 
t r e a dm i ll , e x ha u s t i o n  w a s  d e f i n e d  as "t h a t  p o i n t  i n  t h e 
t e s t  a t  wh i c h t he s ub j e c t  c o uld n o  lo n g e r  k e e p  u p  w i t h  
t he t r e adm i l l  o r  had t o  us e t he h an d r a i l s -fo r s up p o r t  
when a h e a r t  r a t e o v e r  1 8 0 b pm w a s  r e a c h e d" ( p .  1 9 3 ) . 
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t r e a dm i ll ( 6 3 . 2 8 m l / k g/m i n ) w h e n  c omp a r e d  t o  t he 
b i c ycle e r go me t e r  ( 5 8 . 7 ml/ k g/m i n ) . T h e r e  w e r e  n o  
s i gn i f i c an t d i �fe r e n c e s i n  V 0 2 m a x  v a l ue s  f o r  t h e  f o u r  
d i f f e r e n t t r e adm i l l  s p e e d s . T h e  au t h o r s  c o n c l u d e d  t h a t  
f o r  d e t e rm i n i n g  m a x i ma l  o x y g e n  u p t ak e  r u n n i n g  o n  t he 
t r e a dm i l l  was t h e mo s t  e f fe c t i v e  m o d e . 
Ke r e n , M a ga z a n i k, an d E p s t e i n  ( 1 9 8 0 ) t e s t e d 15 
male s ub j e c t s  ( 2 0 . 2  ± . 1 7 y e a r s ) on t h r e e  d i r e c t  me t h o d s  
( t r eadm i l l , s t e p t e s t , an d b i cy c l e  e r gome t e r ) an d o n e  
· i n d i r e c t me t h o d  ( A s t r an d- Rhym i n g Nomo g r am ) o f  max i m al 
o x ygen u p t ak e  f o r  t he c omp ar i s on o f  max i m a l  v alu e s .  T h e  
t r e a dm i l l  p r o t o c ol was a m o d i f i e d B r u c e  c o n t i n u o us t e s t 
wh i ch c on s i s t e d o f  t hr e e  m i nu t e i n t e r v a l s  s t a r t i n g  a t  1 .7 
mph and 10 % g r ad e  p r o g r e s s i n g  t o  a max i m um o f  5 . 5  mph a n d  
2 0 %  gr ade . T h e  b i c ycle e r gome t e r  t e s t  c o n s i s t e d  o f  
p e d a l i n g  a t  a n  i n i t i a l  wo r k l o ad o f  6 0 0  k pm/ m i n, w i t h an 
i nc r e as e  o f  3 0 0  kpm / m i n  e v e r y  t hr e e  m i n u t e s  u n t i l 
e x ha us t i o n . T h e  s t ep t e s t ,  was g i v en o n  a b e n c h  3 2 . 5  em 
h i gh .  T h e  s ub j e c t s  s t a r t e d a t  a p a c e  o f  2 4  s t e p s / m i n  an d 
i n c r e a s e d  t o  a max i mum o f  4 0  t o  6 0  s t e p s / m i n . T h e  
i n d i r e c t  m e t h o d  w a s  t h e  A s t r a n d- Rhym i n g  N om o g r am wh i c h i s  
a p r e d i c t i o n o f  V 0 2max f r om a s ubm ax i mal t e s t  g i v e n o n  
t h e  b i cy c l e  e r gome t e r . The m e an V 0 2 m ax v alu e o n  t h e 
t r e adm i l l w a s  6 3 . 8  ± 1 . 3  ml/ k g/ m i n, o n  t h e b i c y cle 
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e r gome t e r  was 6 0 . 2  ± 1 . 4 0  m l / k g/ m i n, on t h e s t e p  t e s t w a s  
5 9. 6 +_ 1 . 3 5 ml/ k g/ m i n ,  an d t h e p r e d i c t e d V 0 2 m ax w a s  
5 9 . 9  + 1 . 4 m l / k g / m i n . The t r e a dm i l l  t e s t v a l ue s  w e r e  
s i gn i f i c an t ly h i gh e r  when c o mp a r e d  t o  t h e  o t he r  t h r e e  
t es t s. 
I n  h i s  c r i t i c al r e v i ew ,  S h e p h a r d  ( 1 9 8 4 ) p o i n t e d 
o u t  t h e a d v a n t a g e s  o f  t h e t r e a dm i l l  t e s t  o v e r  t he b i c yc l e  
e r gome t e r  t e s t . T h e  m a i n  a d v an t age o f  t h e t r e a dm i l l  t e s t  
i s  t h e  fac t t ha t  t he p a c e  i s  s e t  b y  t h e m a c h i n e_, w h e r e a s ,  
o n  t h e  b i cy c l e  e r g om e t e r  t h e  p a c e  mus t b e  s e t  b y  t h e 
i n d i v i du al b e i n g  t e s t e d . S he p h a r d  a l s o  p o i n t e d o u t  t h a t  
t h e V 0 2 m ax v alu e s  o n  t he t r e a dm i l l  w e r e  7 %  t o  8% a b o v e  
t he v alu e s  on t h e b i c y c l e  e r gom e t e r . On e p o s s i b l e  
d i s adva n t a g e  w a s  n o t e d- - i t  i s  d i f f i c ult f o r  s om e  p e o ple 
to r un on t h e m o t o r - d riv e n  t r e a dm i l l .  
C o n t i n u o u s  an d D i s c o n t in u o u s  T e s t P r o t o c ols 
T h e r e  h a v e b e e n  many p r o t o c ols u s e d  f o r  t h e 
de t e rm i n a t i o n o f  max i m a l o x ygen up t ak e . M o s t p r o t o c o l s  
c an f al l  u n d e r t w o  m a j o r  clas s i f i c a t i o n s , c o n t i n u o u s  a n d  
d i s c o n t i n u o u s . A c o n t i n u o us t r e a dm i l l  t e s t  i s  a g r a d e d  
ex e r c i s e  t e s t  i n v olv i n g t h e g r a du a l  t r a n s i t i o n f r om low 
i n t e n s i t y  t o  m a x i mal w o r k  c a p a c i t y  w i t h  n o  r e s t s  o r  
b r e ak s  i n  t h e p r o c e d u r e . A d i s c o n t i n u o u s  t r e a dm i l l  t e s t  
i s  a g r a d e d  ex e r c i s e  t e s t  i n v o l v i n g  t h e g r a d u al 
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t r ans i t i o n f r om l ow i n t e n s i t y  t o  max i m a l  w o r k  capac i t y 
i n c o rp o rat i n g  alt e r n at i n g  w o rk a n d  r e s t  i n t e r v als w i t h  
e ac h  wo r k  i n t e rval r e q u i r i n g  an i n c r e a s e d  p o w e r  o u t p u t . 
Of t h e  f i v e  s t ud i es r ev i ew e d  only two ( F r o e l i ch e r  e t  al . , 
1 9 7 4 ; S t am f o r d, 1 9 7 5 ) s h owed s i gn i f i c an t  d i f fe r e n c e s  i n  
V 0 2 m ax i n  a dult s u s i n g  c on t i n u o u s  v e r s u s  d i s c o n t i n u o u s  
p r o t o c o l s . 
Mak s u d a n d  C o ut t s  ( 1 9 7 1 )  t e s t e d 2 0  c o lle g e - a g e  
ma l e  s ub j e c t s  o n  a mo t o r - d r i v e n  t r e a dm i l l  f o r  t h e 
de t e rm i n a t i o n o f  V0 2 max us i n g  c o n t i n u o u s  an d 
d i s c o n t i n uous p r o t o c o l s . T h e  c o n t i n uo u s  t e s t  p r o t o c ol 
c on s i s t e d  o f  a 1 0  m i n u t e w a rm- up p e r i o d a t  3 . 5 m p h  an d 0 %  
g r ade. A f t e r  a s h o r t  r e s t p e r i qd t h e s p e e d  was i n c r e a s e d  
t o  7 m p h  w i t h  a g r a d e  i n c r e a s e  o f  2 . 5 % e a c h  m i n u t e ,  
t he r eaf t e r , un t i l V 0 2 m a x  was r e ache d . T h e  d i s c o n t i n u o u s  
p r o t o c ol c on s i s t e d  o f  a 1 0  m i nu t e  warm- up walk o f  3 . 5 mp h 
an d 1 0 % g r a d e . The walk was fo l l owed a t  o n e  o f  s i x 
g r ades ( 2 . 5 % ,  5 %, 7 . 5 % ,  1 0 % ,  1 2 . 5 % ,  a n d  1 5 %} , wh i c h w e r e  
r an dom l y  as s i gn ed . Max i ma l  oxygen up t ake v al u e s  i n  
r e s p o n s e t o  t he v ar i o u s  g r ad e s  we r e  t e s t e d o n  s e p a r a t e 
days. T h e r e  w e r e  n o  s i gn i f i c an t d i f f e r e n c e s  f o u n d  i n  
V02max v alue s  b e t w e e n  t h e t wo p r o t o c ols ( 5 5 . 2 ± 6 . 8 
m l / k g/ m i n  f o r  t he d i s c o n t i n u o u s ;  5 5 . 6  ± 7 . 7 ml / kg/ m i n  fo r 
t h e c o n t i n u o u s ) .  
M c A r dl e , K a t c h , an d P e c har ( 1 9 7 3 ) c a r r i e d o u t  a 
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s e r i e s  o f  V 0 2 m a x  t e s t s  o n  1 5  c o l l ege-a ge ma l e s  f o r  t h e 
c ompa r i s o n o f  max i m a l  o x y g e n  up t a k e  us i n g  c o n t i n u o u s  a n d  
d i s c o n t i n u o u s p r o t o c o l s  on t he tr e a dm i l l  an d b i c y c l e  
e r g om e t e r . T h e  c on t i n u o u s  b i cy c l e  e r gome t e r t e s t  
c o n s i s t e d o f  p e d a l i n g  a t  a c o n s t an t  s p e e d  o f  6 0  �pm a n d  
1 8 0 k gm/ min , w i t h  a n  in c r e a s e o f  1 8 0 k gm/ m i n  eve r y  t w o  
m i n u t e s  un t i l  t he s ub j e c t  c o u l d  n o  l o n g e r  c o n t i n ue o r  t h e 
p e d a l  r a t e d r o p p e d  b e l ow 4 7  t o  5 0  r pm . The d i s c o n t in u ous 
b i c yc l e  t e s t  c o n s i s t e d o f  p e d a l i n g  a t  6 0  rpm a t  2 . 0 k g  o f  
r e s is t an c e  f o r  five m i n u t e s , f o l l ow e d  b y  a 1 0  m i n u t e  r e s t 
i n t e rva l . I n  e a c h  s ub s e q ue n t  p e rio d  t he r e s i s t a n c e  was 
i n c r e a s e d  by 1 8 0 k gm / m i n  an d w as f o l l ow e d  by an 
ad d i t i o n a l  1 0  m i n u t e  r e s t i n t e rva l . W o r k  p e r i o d s  w e r e  
� 
c on t i n u e d  u n t i l  t h e s ub j e c t  w a s  un ab l e  t o  m ain t a i n  t h e 
w o r k l o a d. The c o n t i n uo u s B a l k e wa l k  t r e a dm i l l  t e s t  
c o n s i s t e d o f  wa l k i n g a t  a speed o f  3 . 4 mph an d 0 %  g r ad e  
w i t h  a g r a d e  i n c r e a s e  o f  1 %  e a c h  m i n u t e  un t i l  t he s ub j e c t  
w a s  u n ab l e  t o  c o n t in u e . T h e  M i t ch e l l , S p r o u l e ,  an d 
C ha pman d i s c o n t i n u o us t r e a dm i l l  t e s t  c o n s i s t e d  o f  a 1 0  
m i n u t e w a rm - u p  p e r i o d a t  3 mph an d 1 0 % g r ad e . A 10 
m i n u t e r e s t fo l l o w e d  a n d  t h e s ub j e c t  r an at 6 mph a n d  
2 .5 %  g r a d e . T h e  g r a d e  was i n c r e a s ed b y  2 . 5 % a t  e a c h  
s t a ge u n t i l  V 0 2max w a s  r e ac h e d . An add i t i o n a l c o n t i n uo us 
t r e a dm i l l  t est c o nsi s t e d o f  t w o  m i nu t e s  o f  e x e r c i se at 6 
mph an d 0 %  g r ad e  w i t h  an i n�r e a s e fn g r ade o f  2 . 5 % e ve ry 
two m i nu t e s , t h e r e a f t e r , un t i l  t h e sub j e c t  c o ul d n o  
l o n g e r  c o n t i n u e . An a d d i t i o n a l  d i s c o n t i n uo u s  t r e a dm i l l  
t e s t  w a s  a l s o  c om p l e t e d wh i ch c o n s i s t e d o f  a 6 m p h  r un a t  
2 . 5 � gr ade f o r  5 m i n u t e s , fo l l owed b y  a 1 0  m i n u t e r e s t . 
Th i s  p r o c e du r e  w a s  r e p e a t e d  w i t h  a 2 . 5 % gr a d e  i n c r e a s e 
fo r e a c h  f i v e  m i n u t e  wo r k l o a d . A l l mean v a l u e s  fo r 
V 0 2max on t h e  b i c y c l e  e r g om e t e r  t e s t  w e r e  s i gn i f i c an t l y  
l owe r t han t h o s e f o u n d  o n  t h e t r e adm i l l ,  r a n g i n g  f r o m  
1 0 .2 % t o  1 1 .2 % l ow e r. T h e r e  w e r e  n o  s i gn i f i c an t 
d i f fe r e n c e s  f o u n d  b e t w e e n  t h e c o n t i n u o u s  and 
d i s c on t i n u o u s  b i c y c l e  t e s t s . T h e  B a l k e wa l k  t r e a dm i l l  
t e s t  e l i c i t e d l ow e r  V 0 2 m ax v a l u e s  t h an t he o t he r  t h r e e  
t r e adm i l l  t e s t s , a l t h o u gh t he r e  w e r e  n o  s i gn i f i c an t  
d i f fe r e n c e s  b e t w e e n  t he d i s c o n t i �u o u s  t r e adm i l l  t e s t a n d  
t he t w o  c o n t i nu o u s  runn i n g  t r e a dm i l l  t e s t s . 
Fr o e l i c h e r , B r amme l , an d D a v i s  ( 1 97 4 )  c o n du c t e d  a 
s t u dy u t i l i z i n g  1 5  m a l e  v o l un t e e r s  f o r  t h e c om p a ris o n  o f  
t h r e e  t r e a dm i l l  p r o t o c o l s  fo r t h e de t e rm i n a t i o n o f  
V0 2max. T h e  t h r e e  p r o t o c o l s  u s e d  we r e  t h e B r u c e , B a l k e , 
an d a m o d i f i e d T ay l o r p r o t o c o l . E a ch s ub j e c t  p e r f o rm e d  
each t e s t  p r o t o c o l  t h r e e  t i m e s  o v e r  a n i n e  w e e k  p e r io d . 
The B r u c e  p r o t o c o l , wh i c h i s  c o n t i nuous i n  n a t u r e , 
c o n s i s t e d o f  t h r e e  m i n u t e i n t e rva l s  s t a r t i n g  a t  1 .7 m p h  
and a 1 0 % g r a d e  wh i l e a t t emp t i n g  t o  w o r k  up t o  5 .5 m p h  
and 2 0 %  gr ade. T h e  B a l k e p r o t o c o l , wh i c h i s  a l s o  
c o n t i n u ous i n  n a t u r e , c o n s i s t e d o f  up t o  1 5 , o n e  m i nut e 
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s t a g e s  a t  3 . 3 mph a n d  a g r a d e  i n c r e a s e  o f  1 %  e a c h  s t a ge . 
The .T ay l o r p r o t o c o l , wh i ch i s  a d i s c on t i n u o us t r e a dm i l l  
t e s t , s t a r t e d  a t  0 %  g r ad e  a n d  7 · mph , fo l l ow e d  b y  a f i ve 
m i nu t e  r e s t  p e r i o d .  T h r e e  s t a g e s  f o l l ow e d  w i t h  t h e s p e e d  
r emainin g c o n s t an t  a t  7 mph an d a n  in c r e as e i n  g r a d e  o f  
2.5 %  e ac h  s u c c e s s i ve s t a g e . W i t h  t h e B ru c e  p r o t o c o l  a 
mean va l u e o f  4 4 .3 m l / k g/ min was foun d , w i t h  t h e B a l k e 
p r o t o c o l 4 2 .8 m l / k g/ m i n , an d w i t h  t h e T ay l o r  p r o t o c o l  a 
me an va l u e o f  4 7 .4 m l / k g/ m i n. T h e  T ay l o r p r o t o c o l 
p r o d u c e d  s i gn i fic an t l y  g r e a t e r  V 0 2max va l u e s  t h an t h e  
B r u c e  o r  B a l k e p r o t o c o l s . A p l a t e a u  was r e a c h e d  i n  a 
g r e at e r  p e r c e n t a g e  o f  s ub j e c t s  u s in g  a d i s c o n t in u o u s  
p r o t o c o l t h an a c o n t i n u o u s  p r o t o c o l . 
I n  1 9 7 5 , S t am f o r d  c omp a r e d  V0 2 m ax va l u e s  d u r i n g 
va r i o u s  r un n i n g a n d  wa l k i n g  s p e e d s  on t h e t r e a dmi l l .  
Nin t e en ma l e  s ub j e c t s  w e r e  d i vid e d  in t o  t h r e e  g r o u p s :  
( a ) un t r a i n e d  o f  ave r age f i t n e s s  ( n = l 2 ) ; ( b )  t r a i n e d  o f  
h i gh fit n e s s  ( n = 7 ) ;  an d ( c )  high l y  c omp e t e t ive r a c e  
wa l k e r s ( n = 3 ) . E a c h  s ub j e c t  i n  g r oups ( a )  a n d  ( c ) 
p e r f o rm e d  five dis c o n t in u ous t r e a dmil l t e s t s  a n d  o n e  
c o n t in u o us t r e adm i l l  t e s t  ( B a l k e  wa l k  t e s t ) .  T h r e e  o f  
t h e  dis c on t i n u o u s  t e s t s  w e r e  p e r fo rm e d  a t  s p e e d s  o f  4 . 5  
mph w a l k i n g , 4 .5 mph r u n n i n g , a n d  5 . 5  mph r u n n i n g . Ea c h  
t e s t  b e ga n  a t  5% g r a d e  an d w a s  in c r e a s e d  b y  2 .5% e a c h  3 
m i n u t e  s t a g e. The o t he r two dis c o n t i n u o u s  t e s t s  w e r e  
p e r f o rm e d  a t  s p e e d s o f  7 mph an d 8 . 5 mph . T h e  g r a d e  w as 
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i n i t i a l l y  s e t  a t  0 %  a n d  w a s  i n c r e a s e d  b y  2 .5 %  e a c h  3 
m i n u t e  s t a g e . G r o up ( b ) p e r f o rm e d  t he s am e  t e s t s  as 
g r o up s  ( a ) an d ( c ) , howe v e r, t h ey p e r f o rm e d  an a d d i t i o n a l  
w a l k  t e s t  a t  5 m p h  an d 5 %  g r a d e . The m e an V 0 2 m ax v a l u e 
fo r g r o u p  ( a ) w a s  4 8 . 9 6  m l / k g/ m i n , f o r  g r o up ( b )  -was 
65 . 4 2 m l / k g/ m i n, a n d  for g r oup ( c )  was 6 8 . 4  m l / k g /m i n . 
I.t was fo un d t h a t  V 0 2 m ax v a l ue s  d e t e rm i n e d  a t  wa l k i n g  
s p e e d s  ( c o n t i n u o u s ) w e r e  s i gnif i c an t l y  l ow e r  t h an V 0 2 m ax 
v a l ue s  f o u n d  at r u n n i n g  s p e e ds .  The aut h o r s  c o n c l u d e d  
t h a t  i n c r e a s e s  i n  s p e e d s  on t h e dis c o n t in u o u s  t e s t s  
e l i c i t e d s i m i l i a r V 0 2 max v a l u e s .  
A s t u d y  b y  F a r dy a n d  He l l e r s t e i n ( 1 97 8 )  w a s  
c o n duc t e d  t o  mak e c omp a r i s o n s  o� V0 2max v a l u e s  o b t a i n e d  
o n  d i s c on t i n u o u s  a n d  c o n t i nu o u s  t r e adm i l l  p r o t o c o l s  o f  
t h e  s am e  i n t e n s i t y. Twe l v e  ma l e s , 4 2 .3 ± 9.9 ye a r s , w e r e  
t e s t e d o n  t h r e e  s e p a r a t e  o c cas i o n s .  T h e  f i r s t  t e s t i n g  
s e s s i o n was a f am i l i a r i z a t i o n s e s s i o n. T h e  c o n t in u o u s  
t r e a dm i l l  p r o t o c o l c o n s i s t e d o f  a maxi mum o f  1 0 , t h r e e  
min u t e s t a g e s . S t a g e  o n e  s t a r t e d  a t  2 mph a n d  0 %  g r a d e  
and w a s  p r o g r e s s i v e l y  i n c r e a s e d  t o  3 mph a n d  2 0 %  g r a d e. 
The-d i s c o n t i n uo u s  t e s t  u s e d  t h e  s am e  p r o t o c o l a s  t h e 
c o n t i n u o us t e s t , howe v e r , i n c o r p o r a t i n g  t h r e e  m i n u t e r e s t 
p e rio d s  b e t w e e n  e ac h  o f  t h e 1 0  s t a ges . T h e r e  w e r e  n o  
s i gn i f i c an t  dif f e r e n c e s  i n  V0 2max v a l ue s  b e tw e e n  t h e 
c on t i n u o u s  t e s t  ( 4 0 . 7  m l / k g / m i n ) an d t h e  dis c o n t i n u o u s  
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t e s t  ( 3 9 . 5  m l / k g / m i n ) .  
Maxi• al Oxyg e n  Upt ak e in Childr en 
S eve r a l  s t ud i e s  h ave b e e n  c omp l e t e d t o  d e t e r m i n e  
max i m a l o x y g e n  up t a k e  i n  c h i l d r e n . T h e  m e as u r em e n t  o f  
V0 2max i n  c h i l d r en app e a r s  t o  b e  m o r e  d i ff i c u l t  t h an f o r 
a du l t s . T h e  m a j o r  p r ob l em a p p e a r s  t o  b e  t h e 
id e n t i f i c a t i o n o f  a m ax i m a l  e f f o r t . I n  m·o s t  V 0 2 m a x  
s t ud i e s a p l a t e a u  i n  V 0 2  w i t h  i n c r e as .i n g  w o rk h a s  b e e n  
us e d  t o  i d en t i fy a t r u e  V 0 2m a x , howeve r , P a t e r s on e t  a l . 
( 1 9 8 1 )  h a v e  s t a t e d  t h a t  a c h i ev i n g  a p l a t e au i n  c h i l d r e n 
may b e  un r e a l i s t i c . 
C umm i n g  an d F r i e s en ( 1 9 6 7 ) t e s t e d  2 0  m a l e  
c h i l d ren ( a g e s  1 1  t o  1 5  y e a r s ) t �  e x am i n e  t he ab i l i t y t o  
a t t a i n  a p l at e a u  i n  o x y ge n  up t ak e . T h e  b i c yc l e  e r g om e t .e r  
was · t h e m o d e  o f  w o r k . A p l a t e a u  i n  o x ygen up t ak e  w a s  
de f i n e d  a s  "t h e  f a i l u r e  o f  t w o  s uc c e s s i ve i n c r e a s e s  i n  
w o r k l o a d  o f  5 0  k p m  t o  p r o d u c e  a n  i n c r e a s e  i n  o x y g e n  
up t ak e  o f  5 0  m l "  ( p .  94 2 ) . E ac h  s ub j e c t  c om p l e t e d 
b e tween 7 a n d  1 5  t e s t s . E a c h  s ub j e c t  warmed up o n  t h e 
b i cyc l e  f o r  6 m i n u t e s  a t  a w o r k l o ad w h i ch r e qu i r e d  an 
oxyge n up t ak e  of a p p r o x ima t e l y  80% o f  ae r ob i c  w o r k  
capac i t y. Fo l l ow i n g  t h i s  w a rm-up p e r i o d t he w o r k l o ad w a s  
i n c r eas e d  a n d  t h e s ub j e c t  p e d a l e d f o r  t h r e e  m i n u t e s  wh i le 
me t ab o l i c m e a s u r e s  w e r e  r e c o r d e d . .The s ub j e c t  t h e n  
r e s t e d f o r 2 0  m i n u t e s  a n d  t h i s  p r o c e d u r e  was c omp l e t e d 
2 3  
aga i n  w i t h  t h e s ame s ub m ax i m a l warm - up wo r k l o a d b u t  a 
h i ghe r .t e s t  w o r k l o a d . Th e mean maxi m a l  oxy g e n  u p t ak e  
v a l ue f o r  t h e g r o u p  w a s  5 3 . 8  m l / k g/ m i n . C umm i n g  an d 
Fr i e s en f o u n d a p l at e au i n  m�xi m a l  oxygen u p t a k e  i n  o n l y  
7 o u t  o f  t h e 2 0  s ub j e c t s . Th i s  s u gge s t s  t h a t  re�c h i n g  a 
t r ue p l a t e au i n  c h i l d r e n  o n  t h e b i cy c l e  e r g om e t e r  u s in g  a 
d i s c o n t i n uo us p r o t o c o l may n o t  b e  an app r o p r i a t e  c r i t e r i a  
f o r  t h e d e t e rm i n a t io n  o f  V0 2 m ax . 
C un n in gh am a n d  c o wo r k e r s  ( 1 9 7 7 ) c a r r i e d.o u t  a 
�t udy t o  de t e rm i n e  t h e  ab s e n c e  o r  p r e s en c e  o f  a t r u e  
p l a t e au i n  oxygen up t ak e  i n  y o u n g  b o ys . S i x t y- s i x ,  1 0  
y e a r  o l d  i c e  h o c k e y  p l ay e r s  w e r e  m e a s u r e d  f o r  V 0 2 m ax o n  
t wo o c c a s i o n s . The f i r s t  t e s t  ( T l )  was com p l e t e d b e t w e e n  
Nov emb e r  a n d  Feb r u a r y  ( m i d s e as o n ) an d t he s e c o n d  t e s t  
( T2 )  was c omp l e t e d f o u r  t o  f i v e  �o n t hs l a t e r , b e t w e e n  
Ap r i l  a n d  Ju l y  ( p o s t s e a s o n ) .  Ae r ob i c  c a p acit y w a s  
de t e rm i n e d  o n  a m o t o r - d r i v e n  t r e a dm i l l  us i n g  a c o n t i n u o u s 
wa l k - r un p r o t o c o l a t  4 . 1 mph , w i t h  a gr ade i n c r e a s e o f  
2 . 5 % e a c h  t wo m i n u t e  p e r i o d un t i l  t he s ub je c t  c o u l d  n o  
l on ge r  c o n t in u e. Fo l l owin g t h e t e s t i n g  t he s ub je c t s  we r e  
g r o u p e d  ac c o r d i n g  t o  wh e t he r  o r  n o t  t h e r e  w a s  t h e 
p r e s en c e o r  ab s e n c e  o f  a p l a t e au i n  o x y gen u p t ak e. The 
gr o ups f o rm e d  w e r e: ( a ) t h o s e  w i t h  n o  p l a t e a u ;  ( b )  t h o s e  
w i t h  a p l a t e au a t  T l  o r  T2 ; an d ( c )  t ho s e  wit h a p l a t e au 
a t  Tl a n d  �2 . Th e r e  we r e  n o  s i g n i f i c an t  mean chan g e s  i n  
V 0 2max b e t w e e en T l  an d T 2 , t h e r e f o�e ,  t he d a t a  w e r e  
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c o n s i d e r e d  t o  b e  r e p r o d uc i b l e  o v e r  t h i s  t i me p e r i o d. 
D e s p i t e  t he f a c t t h a t  a p l at e a u  was r e a c h e d  o n l y  i n  
ap p r ox i m a t e l y  3 8 %  o f  t he s ub j e c t s , t he aut h o r s  fe l t  t h a t  
t h e s ub j e c t s  g a�e a max i m a l  e f fo r t  an d ,  t h e r e f o r e , 
r e ac h e d  a max i m a l v a l ue . 
N ag l e , H a gb e r g , an d K ame i ( 1 9 7 7 ) c omp l e t e d a 
s t udy t o  e x t e n d  t h e V 0 2 m ax d a t a p r o f i l e  o n  b o y s  a n d  g i r l s 
1 4  t o  1 7  y e a r s  o f  a ge . T h e  s ub j e c t s  w e r e  1 2 0  b oy s  a n d 
1 2 0  g i r l s  who w e r e  t e s t e d o n  a mo t o r - d r i v e n  t r e a dm i l l  f o r  
t h e  de t e rm i n a t i o n o f  V 0 2max . Fo r t he p u r p o s e  o f  w a rm up , 
e a c h  ch i l d r o d e  t h e b i c yc l e  e r gome t e r  fo r f i v e  m i n u t e s  a t  
a s ubmax i m a l  w o r k l o ad . T h i s  w o r k l o ad w a s  4 5 0 k p m / m i n  f o r  
t he g i r l s  a n d  6 0 0  k pm/ m i n  f o r  t h e b o ys . H e a r t  r a t e was 
m e a s u r e d  for a 15  s e c o n d  i n t e r v a l  i n  t he l as t  m i n u t e  o f  
t he s ub max i m a l  w o r k l o a d  an d was us e d  fo r t h e p r e d i c t i o n 
o f  V0 2 m ax f r om t h e As t r an d-Rhym i n g  Nomo gr am . T h e  
t r e a dm i l l  t e s t w a s  t h e n  a dm i n i s t e r e d  w i t h t he t r e a dm i l l  
ma i n t a i n e d  a t  a c o n s t an t  s p e e d  o f  5 ,  6 ,  o r  7 m p h , w i t h  a 
2 %  gr ade i n c r e a s e e v e r y m i n u t e  ( g i r l s  b e g i n n i n g  a t  0 % , 
b oy s  b e g i n n i n g  a t  2 % ) . T h e  s p e e d  was de t e rm i n e d  b y  how 
we l l  t he s ub j e c t  d i d  o n  t he s ub m ax ima l wo r k l o a d . The 
t i m e  f o r  the t e s t  v a r i e d f r om f o u r  to  e i gh t  m i n u t e s . T h e  
t e s t was s t o p p e d  when t h e s ub je c t s  i n d i c a t e d  t h a t  h e / s h e 
was n o  l o n g e r  ab l e  t o  c o n t i n ue. The av e r a ge V 0 2 m a x  v a l ue · 
fo r t h e g i r l s w a s  4 0 .8 ± ·4.0 m l / k g/m i n  and fo r t h e b o ys 
2 5  
was 5 4 . 7  ±. 5 . 6  m l / k g / m i n . T h e  d i ff e r e n c e  i n  V 0 2 m ax 
v a l ue s  amo n g  a g e  g r o u p s  va r i e d o n l y  f r om 4 0 . 2  t o  4 1 . 2  
m l / k g / m i n  fo r t h e g i r l s an d 5 4  t o  5 6 . 3  m l / k g / m i n  fo r t h e 
b oy s . T he s e  d i f f e r e n c e s  w e r e  n o t  s i gn i f i c an t w i t h i n  t he 
s e x e s . 
K r ah e n b uhl e t  a l . , ( 1 9 7 9 ) made c om p a r i s on s  o f  t h e 
oxygen d eman d s  o f  s ub max i m a l  runn i n g  i n  c h i l d r e n  o f  
v a r i o u s  r u n n i n g  ab i l i t i e s . Twen t y ,  e i gh t  y e a r  o l d b o y s  
we r e  p l ac e d  i n t o  t w o  g r o up s : g r o up A ,  w h i c h  c o n s i s t e d o f  
1 0  b o ys who p e r f o rmed ab o v e  ave r age on a f i v e , s e v en , an d 
n i n e  m i n u t e  r u n ; a n d  g r o u p  B ,  wh i c h c o n s i s t e d o f  1 0  b o ys 
who p e r f o rm e d  b e l ow av e r age o n  a l l t h r e e  r u n s . Max i m a l  
oxygen up t a k e  w a s  m e a s u r e d  us i n g  a d i s c o n t i n uo u s  
t r e a dm i l l  t e s t . T h e  t e s t  p r o t o c o l  i n c o r p o r a t e d  a s p e e d  
o f  5 mph , w i t h  a g r a d e  i n c r e as e  o f  2 . 5 % fo r e a c h  o f  
t h r e e , 3 m i n u t e r un s . The r em a i n i n g  s t a g e s  c o n s i s t e d o f  
2 . 5 . m i nu t e s a t  t he s ame s p e e d  a n d  a g r ade i n c r e a s e  o f  
2 . 5 % e a ch w o r k l o ad . T h r e e  r u n s  w e r e  p e r f o rm e d  e ac h  day 
s e p a r a t e d  by 1 0  m i n u t e  r e s t p e r i o ds . T h e  t e s t  was 
t e rm i n a t e d w h e n  a p l a t e au in  V 0 2  was r e a c h e d  b e t w e e n  
c o n s e c u t i v e  s t a g e s  ( l e s s  t han 2 . 1 m l / k g/m i n ) .  E i g h t  o u t  
o f  2 0  s ub j e c t s  r e a c h e d  a p l at e a u  o f  max i m a l  o x y g e n  
up t ak e . T h e  m e a n  V 0 2 max va l ue f o r  g r o u p A was 53 . 5  + 5 . 8 
m l / k g / m i n  an d fo r g r o up B was 4 9 . 3  + 4 . 2 m l / k g / m i n . 
S k i n n e r  e t  a l . ( 1 97 1 )  t e s t e d 8 3  b o y s  a n d  6 1  g i r l s 
( 6  t o  1 5  y e a r s ) f o r  t h e de t e rm i n a t i on o f  V 0 2 max . T h r e e  
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d i f fe r e n t  p r o t o c o l s  w e r e  u s e d  on t h e t r eadm i l l  a n d  e ach 
ch i l d  p e r fo rm e d  o n e  of t h r e e  t e�t s  wh i ch were r an d om l y  
as s i gn e d . Te s t  A c o n s i s t e d o f  wa l k i n g  a t  a s p e e d  o f  3 . 5  
mph and 1 0 % g r ade, w i t h  a g r ade i n c r e a s e o f  2 . 5 % e a c h  t w o  
m i n u t e  p e r i o d un t i l  t h e s ub j e c t  was unab l e  t o  c o n t i n ue. 
Te s t  B u s e d  t h e  s ame p r o t o c o l  a s  t e s t  A ,  howeve r ,  t h e  
g r a d e  w a s  i n c r e a s e d  eve r y  t h r e e  m i nu t e s . Te s t  C w a s  a 
d i s c o n t i n u o u s  t e s t  wh e r e  t h e s ub j e c t  wa l ke d  a s p e e d  o f  
3 . 5  mph an d 1 5 �  g r a d e  f o r  four m i n u t e s . A 1 0  m i n u t e  r e s t 
f o l l ow e d . Th e g r a d e  w a s  i n c r e a s e d  b y  2 . 5 % each 4 m i n u t e  
p e r i o d wh i l e  t h e  s p e e d  r ema i n ed c o n s t an t . Th i s  was 
c on t i n u e d  un t i l  t he �ub j e c t  c o u l d  n o  l on ge r  c on t i n u e . 
The r e  w e r e  n o  s i gn i f i c a n t  d i f f e r e n c e s  foun d i n  V 0 2 m ax 
va l u e s  am o n g  t he t h r e e  p r o t o c o l s . Max i mum o x y g e n  u p t ak e  
va l ue s  r an g e d  f r om 5 0 . 0  t o  5 3 . 0  m l / k g/ m i n  fo r t h e b o ys 
an d 4 3 . 0  t o  4 5 . 7  m l / k g/ m i n  for t h e  g i r l s . The a u t h o r s 
e x am i n e d  t he d a t a  f r om f o u r  a ge g r o up s  b e t w e e n  6 a n d  1 5  
y e a r s  an d f o un d s i m i l i a r r e s u l t s  i n  V 0 2max va l u e s  f o r  t h e 
t h r e e  t e s t s  i n  e a c h  o f  t he s e  g r o u ps . They d i d  s u g gest 
t h a t  a s p e e d  of 3 . 4  m p h  r e qu i r e d  an i n e f f i c i e n t w a l k i n g  
s t yle f o r t h e c h l d r e n  i n  t he youn g e s t gr oup ( 6  t o  8 
ye a r s ) an d a d d e d  t ha t  a s p e e d  o f  3 mph may b e  ap p r o p r i a t e  
f o r  t h i s  g r o u p . 
S t ew a r t  a n d  G u t i n  ( 1 97 6 )  s t u d i e d  t h e. e f f e c t o f  
e i ght w e e k s  o f  r u n n i n g  t r a i n i n g  o n  V0 2max va l ue s  i n  2 4  
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b o ys ages  1 0  t o  1 2  y e a r s . A c o n t i n u o u s  t r e ad i l l  t e s t  was 
us e d. for t he d e t e rm i n at i on of V 0 2 max . E ac h  s ub j e c t  
wa l k ed a t  a s p e e d  o f  3 . 5  mph and 0 %  g r a d e  fo r t w o  m i n u t e s 
d u r i n g  t he f i r s t  s t ag e . The s p e e d  r em a i n e d  c o n s t an t  b u t  
t he g r a de w a s  i n c r e a s e d  b y  2 . 5 % e v e ry two m i n u t e s  un t i l  
t h e  s ub j e c t  c o u l d  n o  l on ge r  c o n t i n u e . A p l a t e au i n  V 0 2  
was r e a c h e d  i n  1 5  s ub j e c t s  on t he p r e- t e s t  an d 1 4  
s ub j e c t s  o n  t he p o s t - t e s t . I t  w a s  d e t e rm i n e d  t ha t  a 
max i m a l v a l ue w a s  r e a c h e d  i n  m o s t o f  t h e o t he r t r e a dm i l l  
t e s t s  due t o  t he h e a r t  r a t e  v a l u e s  a t t a i n e d  a n d  s i gn s  o f  
exhaus t i o n . M e a n  V 0 2 ma x  fo r t h e t r a i n i n g  g r o u p p r i o r  t o  
t r a i n i n g  w a s  4 9 . 8  ± 6 . 0 7 m l / k g/ m i n, a n d  a f t e r  t r a i n i n g  
was 4 9.5 ± 6 . 1 2 m l / k g/ min . T h i s  was n o t  a s i gn i f i c a n t 
i n c r e as e . T h e  m e an V 0 2 ma x  f o r  t he c on t r o l  g r o up d i d  n o t  
i n c r e a s e s i gn i f i c an t l y  o v e r  t he t r a i n i n g p e r i o d an d w a s  
n o t  s i gn i f i c a n t l y  d i f f e r e n t  f r om t h e t r a i n e d  g r o u p . 
Us i n g  t h r e e  t r e a dm i l l  s p e e ds ,  P a t e r s o n  e t  a l . 
( 1 9 8 1 )  e x am i n e d  · t h e m e as u r em e n t o f  V 0 2 m ax i n  e i gh t  b o y s  
( 1 1 . 4  y e a r s ) f o r  t he p r e s e n c e  o f  a p l a t eau i n  o x y g e n  
u p t a k e . E a c h  s ub je c t  c om p l e t e d t h r e e  max i m a l t r e a dm i l l  
t e s t s  e a c h o f  t h r e e  s e p a r a t e  p r o t o c o l s . T h e  c o n t i n u o u s  
t r e a dm i l l  t e s t  p r o t o c o l s  b e gan w i t h a g r a d e  o f  0 %  an d 
w e r e i n c r e as e d  b y  2 . 5 % e a ch 2 m i n u t e  p e r i o d . T h e r e  w e r e  
t h r e e d i f f e r e n t t r e a dm i l l  s p e e d s  u t i l i z i n g  t h i s  g r a d e  
i n c r e a s e: wa l k i n g  a t  3 .4 mph , j o g g i n g  a t  4.1 mph, a n d  
runn i n g  a t  4 .9 m p h . T h e  mean V 0 2max f o r  t h e w a l k  t e s t  
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was 5 5 . 5  ± 5 . 0  m l / k g / m i n , f o r  t he j o g t e s t  w a s  5 7 . 9  ± 4 . 4 
m l / k g/ m i n , an d f o r  t h e r un t e s t  was 5 9 . 5  ± 5 . 4  m l / k g / m i n . 
B as ed u p o n  t h e s e f i n d i n gs i t  was c o n c l ud e d  t ha t  t he w a l k  
p r o t oc o l  i s  a n  i n ap p r o p r i at e  m e a s u r e  o f  V0 2 m ax i n  
ch i l dr e n . A l l t h r e e  p r o t o c o l s  w e r e  foun d t o  b e  
r e p r o ducib l e .  A p l at e au i n  o x y g e n  u p t a k e  w a s  o b t a i n e d i n  
9 . wa l k  t e s t s , 5 j o g t e s t s , a n d  7 run t e s t s . Th e a u t h o r s  
fe l t  t h a t  a d i s c o n t i n u o u s  t e s t  m a y  b e  m o r e  r e l i ab l e t han 
a c o n t i n uo us t e s t in  d e t e rm i n i n g  V0 2max i n  c h i l d r e n . 
As h t o n ( 1 9 8 3 ) a t t em p t e d t o  i den t i fy whe t h e r  
p hy s i c a l  ac t i v i t y l e v e l s  i n  9 an d 10 y e a r  o l d g i r l s 
a f f e c t e d  phys i o l o g i c a l  m e a s u r emen t s . U s i n g  a c o n t i n u o u s  
p r o t o c o l f o r  t h e d e t e rm i n a t i on o f  max imal o x y g e n  up t ak e , 
As h t on f o u n d  m e an V 0 2 m a x  v a l ue s  t o  r an g e  f r om 4 5 . 4  t o  
5 0 . 3  m l / k g . m i n . In a r e c e n t  r e v i ew on ae r ob i c  r e s p o n s e  
t o  e n d u r a n c e  t r a i n i n g  i n  p r ep ub e s c e n t  c h i l dr en , R ow l an d  
( 19 8 5 ) s t a t e d t h a t  t yp i c a l  V0 2max v a l u e s  r a n g e d  f r o m  4 8  
t o  5 0  m l / k g /m i n . 
Th e r e  a r e  s e v e r a l  me t h o d s  o f  m e as u r i n g  a n  
i n d i v i du a l 's f i t n e s s  l e v e l . The b e s t  a n d  m o s t a c c u r a t e  
meas u r e  f o r  t h e d e t e rm i n a t i on o f  ae r ob i c  w o r k  c a p a c i t y  i s  
max ima l o x ygen up t a k e . Max ima l ox ygen up t a k e  d e p e n d s 
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up o n  s e v e r a l  v a r i ab l e s i � c l ud i n g  max i m a l  c a r d i ac o u t p u t , 
A- V 0 2  d i ff e r en c e , b o d y  s iz e , s ex , an d age . 
T h e  b i c y c l e  e r g ome t e r  an d t he mo t o r- driv e n 
t r e admil l a r e  t he t w o  m o s t  c ommo·n m o d e s  u s e d  f o r  
de t e rm i n i n g  V 0 2 m a x . S t u d i e s h a v e  s hown max i m a l o x y ge n  
up t ak e  v a l u e s  t o  b e  foun d c o n s i s t en t l y  h i gh e r  o n  t he 
mo t o r - d r i v e n  t r e a dm i l l  t h an on t he b i cyc l e  e r gome t e r  
( H e rman s on a n d  S a l t i n , 1 9 6 9 ; K e r en e t  a l . ,  1 9 8 0 ; M c A r d l e  
& M ag l e , 1 9 7 0 ; M c Kay & B an n i s t e r , 1 9 7 6 ; Miy am u r a  & H o n d a , 
1 9 7 2 ) .  
M a n y  p r o t o c o l s  h a v e  b e e n  u s e d  f o r  t h e 
de t e rm i n a t io n  o f  max i ma l  o x ygen up t ak e . M o s t p r o t o c o l s  
f a l l un d e r  t w o  m a j o r  c l a s s i f i c a t ion , c on t i nu o u s  o r  
d i s c o n t i n uo us . O f  f i v e  s t ud e s  r e v i ew e d  ' e x am i nin g  
c on t i n u o u s  v e r s u s dis c on t i n uous t e s t in g , on l y  t w o  s h o w e d  
s ign i f i c an t  d i ff e r e n c e s  i n  V0 2max v a l u e s , wit h t he 
d i s c on t in u o u s  t e s t  p r oducin g  h i ghe r v a l ue s  ( Fr o e l i c h e r  e t  
a 1 . , 1 9  7 4 ; S t am fo r d  , 1 9  7 5 ) . 
T h e r e  a p p e a r s  t o  b e  a c on t r o v e r s y in t h e 
d e t e rmin a t i o n o f  maxim a l  o x y g� n up t ak e  i n  chil d r e n . 
T h i s . is b e c au s e  s om e  h ave f o u n d  it is dif fic u l t  t o  
i d e n t i fy a t r u e  maxim a l  e f f o r t . M o s t V 0 2max s t u die s 
c omp l e t e d  o n  ch i l dr en h a v e u s e d  a p l a t e au ( l e s s t h an 2 . 1 
m l / k g/ min b e t w e e n  s u c c e s s iv e  s t a g e s ) a s  t he c r it e rio n t o  
d e t �rmin e whe t h e r  a t r ue V 0 2 max v a l ue h a s  b e e n  r e a c h e d. 
Howe v e r , t he r e is s t il l dis a g r e em e n t  o v e r  whe t h e r 
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r e a c h i n g  a p l a t e a u  i n  c h i l d r e n  i s  r e a l i s t i c ( P a t e r s o n  e t  
a l . ,  1 9 8 1 ) . 
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C h ap t e r Three 
M E THOD S AND PRO.C EDURE S 
T h i s  c h ap t e r  d e s c r i b es t he s ub j e c t s ,  fa c i l i t e s ,  
e qu i pmen t , an d t e s t i n g  p r o c e du r e s  f o r  t h e  s t u dy . 
I n fo rm a t i o n r e ga rd i n g  t h e f am i l i a r i z a t i o n s e s s i o n ,  t h e 
c o n t i n u o u s  t e s t , t h e d i s c on t i n u o u s  t e s t , a n d  t h e 
s t a t i s t i c a l  a n a l y s e s  a r e  i n c l u d e d . 
S ub j e ct s  
Th i r t e e n  p r e p ub e s c e n t  fema l e s C M = 8 . 8 ± . 8 2 
ye a r s ) f r om B r o o k i n gs , S o u t h  D a k o t a ,  w e r e  r e c r u i t e d t o  
p a r t i c i p a t e  i n  a s t ud y  o n  t h e  c omp ar i s o n o f  d i s c o n t i n u o u s  
t r e a dm i l l  t e s t i n g  v e r s us c o n t i n u o us t r e adm i l l  t e s t i n g  f o r  
t he de t e rm i n at i o n o f  m a x i m a l o x y g e n  up t ak e . B e f o r e  t h e 
i n i t i a t i o n o f  an y t e s t i n g o n e  p a r e n t  o f  e a c h  s ub j e c t  r e a d  
an d s i gn e d an i n f o rm e d c o n s en t  f o rm i n  t h e p r e s e n c e o f  
t he i n v e s t i ga t o r  ( ap p e n d i x  A ) . Th e mean we i gh t  o f  t h e 
s ub j e c t s  w a s  3 0 . 4 5 k g  w i t h  a s t an d a r d  d e v i a t i o n o f  7 . 0 9 k g  
an d a mean h e i gh t  o f  1 3 7 .0 5 e m  w i t h  a s t an d a r d  d e v i a t i o n 
o f  1 . 5 9 em . 
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Fac i l i t i e s 
T he t e s t i n g  f o r  t h e d e t e rm i n a t i o n o f  max i m a l 
o x ygen up t ak e  w a s  c om p l e t e d i n  t h e  Human P e r f o r m a n c e  
L ab o r a t o r y  i n  t h e S t a n l e y J .  M a r s ha l l He a l t h , P h y s i c a l  
E du c a t i o n , a n d  R e c r e a t i o n C e n t e r a t  S o u t h  D ak o t a  S t a t e  
Un i v e r s i t y .  E n v i r o nme n t a l  fa c t o r s i n  t h e l ab r em a i n e d  
f a i r l y c on s t an t  w i t h a i r  t emp e r a t u r e  r an g i n g  f r om 2 1  t o  
2 3  d e g r e e s  c e n t i g r a d e  a n d  r e l a t i v e  hum i d i t y  ra n g i n g  
b � t w e e n 4 0 %  a n d  6 8 % . I t  i s  a s s um e d  t ha t  t h e s e  s ma l l 
v a r i a t i o n s  h a d  n o  e f f e c t o n  t he r e s u l t s  o f  t h e s t udy. 
E qu i pmen t 
As w a s  n o t e d i n  t h e l i m i t a t i o n s  s e c t i on i n  
C ha p t e r  1 ,  p.6 , V 0 2max v a l ue s  p e r v i ous l y  de t e rm i n e d  i n  
t h i s l ab o n  a du l t s  u s i n g  t h e s e  s ame p r o c e du r e s  w e r e  
s om ewh a t  h i gh e r  t h an t h e p o p u l a t i o n n o rm. E v e r y e f f o r t  
w a s  made t o  p r eve n t  t h i s  p r ob l em f r om o c c u r i n g  i n  t h e 
p r e s e n t  s t udy . T h e  m o d e  o f  t e s t i n g  f o r  a l l s e s s i o n s  was a 
C o l l i n s  Mo t o r - D r i ve n  T r e a dm i l l , M o d e l 1 4 8 , o f  va r i ab l e  
s p e e d  and gr a d e. A S p e a k-E a s y  I I  E x e r c i s e  S t r e s s  T e s t 
Mas k an d s up p o r t , wh i c h f i t  s n u g l y  o v e r  t h e ch i l d's m o u t h 
and n o s e , was us e d  t o  d i r e c t  e x p i r e d  gas e s  i n t o  t h e 
c o l l e c t i on s ys t em .  T h
.
r o u gh b o t h  v i s u a l  ob s e r v a t i o n a n d  
v e rb a l  c ommun i c a t i o n w i t h t h e s ub je c t  i t  w a s  d e t e rm i n e d 
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t h a t  t h e r e  we r e  n o  a i r  l e a k s  a r o un d t h e  mas k / f a c e  s e a l . 
A P a r k i n s o n C ow a n  D r y G a s  M e t e r , m o d e l P-2 4 9 ,  w a s  u s e d  
f o r  t h e de t e rm i n a t i o n o f  t h e  vo l ume o f  i n s p i r e d  a i r . 
T h i s  gas m e t e r  w a s  ch e c k e d  f o r  a c c u r a c y  o f  vo l um e  
de t e rmi n a t i on b y  p as s i n g  k n own vo l umes o f  a i r  t h r o u g h  t he 
me t e r . E x p i r e d  gas e s  we r e  d i r e c t e d  i n t o  1 5 0  l i t e r s  
me t e o r l o g i c a l  b a l l o o n s  t h r o u gh a t h r e e-way va l ve . T h e  a i r  
h o s e  t h r o u gh w h i ch t h e  e x p i r ed a i r  pas s e d was f o u r  f e e t  
i n  l e n g t h . T he va l ve s  an d t h e hos e s  we r e  app r o p r i a t e l y 
s e a l e d .  S amp l e s  o f  e x p i r e d  gas e s  we r e  p a s s e d  t h r o u gh a 
C D -3 A C a rb o n  D i o x i d e An a l y z e r and a S -3 A  O x y g e n  An a l yz e r , 
b o t h  made b y  Ap p l i e d  E l e c t r o c h em i s t r y ,  I n c . , t o  d e t e rm i n e  
t h e c o n t e n t  o f  t h e exp i r e d  a i r . B o t h  an a l yz e r s  we r e  
ca l i b r a t e d  r e gu l a r l y  w i t h  k n own s amp l e s o f  gas . T h e  
c o n c e n t r a t i o n o f  o x y gen a n d  c a rb o n d i o x i d e i n  t h e 
c a l i b r a t i o n gas h a d  b e en p r evi ous l y  de t e rm i n e d  t h r o u gh 
t h e u s e  o f  t h e m i c r o-S c h o l an d e r  t e chn i q ue . T h e  g a s  was 
pa s s e d t h r o u gh t h e  an l yz e r s  a t  a s p e c i f i c  f l ow r a t e  o f  
5 0 0  m l /m i n  u n t i l  t h e va l ue s  s t ab i l i z e d . At t em p t s  t o  
mon i t o r h e a r t r a t e w e r e  made us i n g  a Re s p i r o n i c s 
E x e r s e n t r y He a r t  Rat e Mo n i t o r ,  howeve r , due t o  t h e 
c h i l d ' s s ma l l ch e s t  s i z e ,  r e a d i n gs we r e  i n c o n s i s t e n t a n d  
t he r e f o r e  w e r e  u n ab l e  t o  b e  us ed. The s t an d a r d  m e t ab o l i c 
va r i ab l e s w e r e  c a l cu l at e d  f r om t h e raw d a t a c o l l e c t e d  
us i n g  a c omp u t e r  p r o g r am wr i t t e n on L o t u s 1 - 2 - 3  
m i c r o c om p u t e r  s o f t w a r e  ( L o t us D eve l opm e n t C o rp o r a t i o n ) 
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a n d  run on an I B M P e r s o n a l C om p u t e r  ( Ap p e n d i x  B ) . 
Th e T e s ting Pro c e dur e s  
F aai liari z atio n S e s sion : 
Thr e e  in ve s t ig a t o r s  w e r e  p r e s en t  a t  e a ch t e s t in g  
s e s s i o n . O n e  i n ve s t i g a t o r  s t o o d  b ehi n d  the ch i l d  whil e 
s he wa l k e d  o n  t he t r e a dmil l .  A s e c o n d  i nve s t i ga t o r  s t o o d  
t o  t h e f r o n t o f  t he t r e a dm i l l  whe r e  t h e t r e adm i l l  
c o n t r o l s  a n d  P a r k in s o n· C owan D r y G as M e t e r  w e r e  l o c a t e d . 
Thi s p e r s o n w a s  r e s p o n s i b l e  f o r  s t a r t i n g  a n d  s t o p p in g  t h e 
t r e a dm i l l ,  i n c r e a s i n g  t he g r a d e  o f  t he t r e admil l ,  a s  w e l l  
as i de n t i f y i n g  t h e g a s  m e t e r r e adin gs dur i n g  t he l a s t  
m i n u t e  o f  e a ch w o r k l o a d . The t hir d inve s t ig a t o r  was 
r e s p o n s i b l e  f o r  c o l l e c t i n g a n d  an a l yzin g  t h e gas e s  
e xpir ed a s  w e l l  as r e c o r d i n g  a l l in f o rma t i o n i n  t he 
c ompu t e r . 
U p o n  a r riva l a t  t he f i r s t  s e s sio n  e a c h  chil d an d 
pa ren t we re give n a n  exp l an a t io n  o f  t h e e q uipm e n t an d 
p r o c e du r e s .  At t hi s p oin t  t h e h e a r t  r a t e m o nit o r  w a s  
p l ac e d  o n  t h e c h i l d  a n d  s h e was a s k e d  t o  s t e p o n t o  t h e 
t r e a dmil l .  The chil d w a s  a s k e d  t o  p l ac e  b o t h  ha n d s o n  
the r a i l a n d  p l ac e  b o t h  fe e t  t o  t he sid e s  o f  t h e 
t r e a dm i l l  b e l t . T h e  t r e a dmil l w a s  t h en s t a r t e d  a t  2 mph 
an d the chil d w a s  a s k e d  to s t e p o n t o  t h e t r e a dmil l b e l t , 
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wh i l e h o l d i n g  o n t o  t h e r a i l s , and t o  wa l k  as n o rma l l y a n d  
a s  e f f i c i e n t l y  a s  p o s s i b l e  wh i l e  · l o o k i n g  s t r a i gh t  a h e a d. 
Af t e r  s h e b e c am e  c o m f o r t ab l e  w i t h  t h i s , t h e c h i ld w a s  
a s k e d  t o  d r op h e r  h an d s  f r om t h e  r a i l s  an d c o n t i n u e  
w a l kin g .  When s h e app e a r e d  c om f o r t ab l e ,  t h e s p e e d  was 
g r a du a l l y  i n c r e as e d  to t he ac t u a l  t e s t i n g  s p e e d  of 4 . 1 
mph . Aft e r  t h r e e  m i n u t e s  o f  wa l k i n g  o r  j o gg i n g  
( de p e n d i n g  o n  t h e  c h i l d's p r e f e r en c e ) a t  4 . 1 m p h  a n d  0 %  
g r�d e t he t r e adm i l l  was s t o p p e d . The s ub j e c t  was a s k e d  
t o  s t e p  o ff t he t r e adm i l l  an d r e s t  f o r  a f i v e  m i n u t e  
p e r i o d . D u r i n g  a s e c o n d  w o r k  p e r i o d  t he s ub j e c t  w a s  
a s k e d  t o  wa l k  o r  j o g a t  4 . 1 mph an d 2 . 5 % g r ade f o r  a 
t h r e e  m i n u t e p e r i o d. D u r i n g  t h e f l n a l  m i n u t e o f  t h i s  
p e r i o d e x p i r e d  g a s e s  w e r e  c o l l e c t e d . A f t e r  t h i s  t h r e e  
m i n u t e  p e r i o d  t h e  t r e adm i l l  w a s  s t o p p e d , t he s ub j e c t  
s t ep p e d  o f f. Aga i n  t he p r o c e du r e s  w e r e  e x p l a i n e d  t o  t h e  
c h i l d  an d p a r e n t a n d  a n y  q u e s t i o n s  w e r e  an s w e r e d . 
Ap p o i n t m en t s  w e r e  t h e n  s e t  f o r  t he a c t u a l  t e s t i n g  
s e s s i o n s , t he c o n t i n u o u s t e s t  a n d  t h e d i s c o n t i n u o u s  t e s t , 
t h e  o r d e r  o f  wh i ch h a d  b e e n  r an dom l y  as s i gn e d . 
D i s c o n t i nu o u s  Tr e a dm i l l  Te s t :  
Up o n  t h e a r r i v a l  f o r  t h e t e s t  t h e ch i l d ' s  w e. i g h t , 
h e i gh t , an d a g e  w e r e  r e c o r de d. T h e  h e a r t  r a t e  m o n i t o r , 
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h e a d g e a r  a n d  facem a s k  w e r e  p l ac e d  o n  t h e c h i l d  an d s h e 
was a s k e d  t o  s t ep on t o  t h e  t r e a dm i l l .  The h o s e s  w e r e  
c o n n e c t e d  t o  t h e f a c e  mas k an d t h e t r eadm i l l  w a s  s t a r t e d 
a t  2 . 0  mph . Th e c h i l d  w a s  as k e d  t o  s t e p  on t o  t h e  
t r e adm i l l  b e l t  an d wa l k  a s  e f f i c i e n t l y  a s  p o s s i b l e . T h e  
s p e e d  was i n c r e as e d  t o  4 . 1 mph an d t h e t i m e r  w a s  s e t  f o r  
t h r e e  m i n u t e s . Th e f i r s t  t h r e e  m i n u t e p e r i o d a t  0 %  g r ad e  
an d 4 . 1 m p h  w a s  c o n s i de r e d t o  b e  a warm-up p e r i o d . T h e  
wo rk l o a d  w a s  i n c r e a s e d  b y  2 . 5 % e ach s u c c e s s i v e  s t a ge , 
t h e r e a f t e r , w h i l e  t h e  s p e e d  r ema i n e d  co n s t a n t  a t  4 . 1 m p h . 
A p l at e a u  o f  l e s s  t h an 2 . 1 m l / k g / m i n  b e t w e e n s ub s e qu e n t 
w o r k l o ad s  w a s  u s e d  a s  t h e c r i t e r i o n f o r  t h e  de t e rm i n a t i o n 
o f  t h e  a t t a i n me n t  o f  V 0 2 m a x .  E a ch c h i l d  w a s  e n c o u r a g e d  
t o  c omp l e t e  t he n ext w o r k l o a d  un t i l  a p l a t eau w a s  
r e a c h e d . H e a r t  r a t e , m i n u t e  v e n t i l a t i o n ,  r e s p i r a t o r y 
exh an g e r a t i o  ( RE R ) , an d V 0 2  i n  1 /m i n  an d m l / k g/ m i n  w e r e  
ca l c u l a t e d f r om d a t a  r e c o r d e d  d u r i n g  t h e t h i r d m i n u t e o f  
e a c h  wo r k l o a d . 
C on t i n u o us Tr e a dm i l l  Te s t :  
Up o n  h e r  a r r i va l , i t  w a s  exp l a i n e d  t o  t h e c h i l d 
t h a t  s h e mus t w a l k  o n  t h e  t r eadm i l l  fo r as l o n g  as 
p o s s i b l e  b u t  t h a t  i f  s h e  mus t s t o p s h e s h o u l d  g r ab t h e 
r a i l  an d p l ac e  h e r  fe e t  t o  t h e s i d e .  The h e a r t  r a t e 
mo n i t o r , h e a d g e a r  an d f a c e mas k we r e  p l ac e d  o n  t h e c h i l d  
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a n d  s h e was a s k e d  t o  s t e p  o n t o  t h e t r e a dm i l l .  T h e h o s e s  
w e r e  c o n n e c t e d  t o  t h e f a c e  m a s k  an d t h e t r e adm i l l  w a s  
s t a r t e d a t  2 m p h . T h e  ch i l d was as k e d  t o  s t e p o n t o  t h e 
t r e a dm i l l  b e l t  an d w a l k  a s  e ff i c i en t l y  a s  p o s s i b l e . T h e  
s p e e d  w a s  i n c r e a s e d  t o  4 . 1 m p h , a t  0 %  g r a d e  a n d  a t i m e r  
was s t a r t e d . T h e  f i r s t  s t a g e  c o n s i s t e d o f  a t h r e e  m i n u t e 
wa rm-up p e r i o d a t  4 . 1 m p h  a n d  0 %  g r ade. W i t h o u t  a b r e a k 
b e t w e e n  w o r k l o a d s  t h e  g r a d e  w a s  i n c r e a s e d  b y  2 . 5 % e v e r y  
t h r e e  m i n u t e p e r i o d wh i l e t he s p e e d  r ema i n e d  c o n s t a n t  a t  
4 . 1 mph , un t i l  t h e c h i l d c o u l d  n o  l on ge r  c o n t i n u e . H e a r t  
r a t e , m i n u t e  v e n t i l a t i o n , r e s p i r a t o r y ex cha n ge r a t i o  
( RE R ) , a n d  V 0 2  i n  1 /m i n  a n d  m l / k g/m i n  w e r e  aga i n  
c a l c u l a t e d f r om d a t a r e c o r d e d  du r i n g  t h e t h i r d  m i n u t e o f  
e a c h  w o r k l o ad. I f  a s ub j e c t  w as un ab l e  t o  c omp l e t e  a 
fu l l  t h r e e  m i n u t e s t a g e , d a t a we r e  c o l l e c t e d f o r as l o n g  
as p o s s i b l e  d u r i n g  t he l as t  fu l l  m i n u t e o f  e x e r c i s e . 
S t a t i s t i c a l  An a l ys i s  
The i n d e p e n d e n t  v a r i ab l e was t h e t r e adm i l l  t e s t 
p r o t o c o l  o f  c o n t i n u o u s  an d d i s c o n t i n u o u s . The d e p e n d e n t 
v a r i ab l e s  w e r e  V 0 2max i n  1 / m i n  and m l / k g/ m i n , r e s p i r a t o r y 
e x chan ge r a t i o  a t  V 0 2 m ax , an d s t a g e  n umb e r  a t  t h e 
c e s s a t i o n o f  t h e t e s t . A c o r r e l a t e d g r o up s ! - t e s t  was 
us e d  to de t e rm i n e  i f  s i g n i f i c an t d i ffe r e n c e s  ex i s t e d 
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b e t w e e n  t h e m e a n s  o f  t h e d e p e n d e n t  va r i ab l e s f o r  
c o n t i n u o u s  an d d i s c on t i nuo u s  t e s t i n g . T h e  . 0 5 l eve l o f  
s i gn i f i c a n c e  was e s t ab l i s h e d  b y  t h e i nve s t i ga t o r . 
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C ha p t e r Fo u r  
RE S UL T S  AND D I S C U S S I O N  
Th i s  c h ap t e r  p r es e n t s  t h e r e s u l t s a n d  d i s c us s i o n 
o f  t h e c om p a r i s o n o f  me t ab o l i c  m e a s u r e s  ob t a i n e d  u s i n g  
t w o  d i f f e r e n t max i m a l o x ygen . up t a k e  t e s t p r o t o c o l s , 
d i s c on t i n u o u s  a n d  c on t i n u o u s , i n  1 3  p r epub e s c e n t  fema l e s .  
T h e  r e s u l t s  s e c t i o n o f  t he c hap t e r  h a s  b e en d i v i d e d  i n t o  
Max i m a l  O x y g e n  Up t ak e  an d R e s p i r a t o r y  E x chan ge R a t i o . 
R e s u l t s  
Th e m e an s , s t an d a r d  de v i a � i o n ,  an d s t an d a r d  
e r r o r s  o f  t h e me an s  f o r  max i mum � x y g e n  up ak e , e x p r e s s e d  
i n  1 / m i n  and m l / k g / m i n , a n d  r e s p i r a t o r y  e x c h a n g e  r a t i o s 
a r e · p r e s en t e d  i n  Tab l e  l .  
B as e d  o n  t h e re s u l t s  o f  p r e v i o u s  s t ud i e s 
c omp l e t e d i n  t h i s  l ab ,  t h e  p r e s en t  V 0 2max v a l ue s  m ay b e  
s omewh a t  i n f l a t e d wh i l e t he R E R  v a l u es may b e  s omew h a t  
de p r e s s e d. E v e r y e f f o r t  w a s  m a d e  t o  l o c a t e  p o t e n t i a l 
e r r o r s i n  t h e d e t e rm i n a t i o n o f  V0 2max and R E R. A l t h o u gh 
t h e V0 2max an d R E R v a l ue s  may n o t  be ab s o l u t e l y a c c u r a t e ,  
any e r r o r  was s y s t em a t i c  i n  n a t u r e  and s u ch an e r r o r  
4 0  
4 1  
T ab l e  1 
D e s c r i p t i v e  S t a t i s t i c s 
V ar i ab l e : X s s x  X . s s x  
V 02max : 1 .4 3  .2 7 .0 8 1 .5 5  .2 6 .0 7 
( 1 /m i n ) 
V 0 2 m ax: 4 7 .4 9  5 .7 4  1 .5 9  5 1 .7 6 6.2 2 1 .7 2  
( m 1 / k g/ m i n ) 
R E R : .8 2 .0 4 .0 1 .8 1 .0 4 .0 1 
w o u l d  n o t  a f fec t t h e t e s t i n g  o f  t he hy p o t he s e s . T h e  
r e s u l t s  f o r  t h e c o r r e l a t e d g r o up� ! - t e s t  a r e  p r e s e n t e d  in 
Tab l e  2 .  
Maxi• al Oxyg e n  Upt ak e : 
T h e  d a t a o n  m a x i mum o x y ge n  up t ak e  h ave b e e n  
ex p r e s s e d  i n  b o t h  l i t e r s p e r  m i n u t e  ( 1 / m i n ) a n d  
m i l l il i t er s  p e r  k i l o g r am p e r  min u t e ( m l / k g / m i n ) an d c an 
b e  foun d i n  T ab l e 1 .  T h e  m e an max imum o x y g e n  up t ak e  
va l ue f o r  t h e c o n t in u o u s  t e s t  e x p r e s s e d  i n  1 / m i n  w a s  1 . 4 3 
w i t h  a s t a n d a r d  devi a t i o n o f  . 2 7 .  T h e  mean max i m um 
o x y g e n  up t ak e  va l ue f o r  t h e dis c o n t i nu o u s  t e s t  e x p r e s s e d  
i n  1 / m i n  was 1 . 5 5 w i t h  a s t a n d a r d  devi a t i o n  o f  . 2 6 .  
T ab l e  2 s h ow s  t h a t  a s ign i f i c a n t  d i f f e r e n c e  a t  t he . 0 5 
l eve l was fo u n d  b e t w e e n  t h e d i s c o n t i n u o u s  a n d  c o n t i n u o us 
t e s t  us i n g  a c o r r e l a t e d g r o u p s  ! - t e s t . 
T h e  m e an maxim a l  o x y ge n  up t ak e  va l u e f o r  t h e  
c o n t i n uous t e s t · e x p r e s s e d i n  m l / k g/ m i n  was 4 7 . 4 9 w i t h  a 
s t an da r d  devi a t io n  o f  5 . 7 4 .  The mean maxim a l  o x y g e n  
up t ak e  va l u e f o r  t he d i s c o n t i n uous t e s t e x p r e s s e d  i n  
m l / k g/m i n  w a s  5 1 . 7 6 wit h a s t an d a r d  devi a t ion o f  6 . 2 2 .  
T ab l e  2 s h ows t ha t  a s i g n i fic an t d i ffe r e n c e  a t  t h e . 0 5 
l eve l was foun d b e t w e e n  t h e  d i s c o n t in u o u s  an d c o n t in u o us 
t e s t us i n g  a c o r r e l a t e d g r o up s  ! - t e s t . 
4 2  
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TAB L E  2 
S umm ary for Corr el a t e d Gro ups ! - t e s t  
V a r i ab l e :  d f  ! v a l u e p 
V 0 2 m ax : 1 2  3.3 3 .0 0 1 7 
( 1 / m i n )  
V 0 2 m ax : 1 2  4.0 3 .0 0 5 9  
( m l / k g/ m i n ) 
R E R : 1 2  .1 6 .8 7 8 1  
R esp ir at ory E x ch a n g e  R at i o : 
A s  c a n  b e  s e e n  i n  T ab l e  1 ,  t h e  m e an v a l ue f o r 
r e s p i r a t o r y e x c h a n ge r a t i o  f o r t he c o n t i n uous t e s t w a s  
. 8 2 w i t h  a s t an da r d  d e v i a t i on o f  . 0 4 .  T h e  m e an v a l ue f o r  
r e s p i r a t o r y e x c ha n ge r a t i o  f o r t he d i s c o n t i n u o u s  t e s t was 
. 8 1 w i t h  a s t an d a r d  d e v i a t i o n of . 0 4 .  U s i n g  a c o r r e l a t e d 
g r oups ! - t e s t , w i t h  t h e  s i gn i f i c an c e  l e v e l  s e t  a t  . 0 5 ,  
T ab l e  2 s h ows t h a t  t h e r e  w a s  n o  s i gn i f i c a n t  d i f f e r e n c e  
found b e t w e e n t h e c o n t i n u o us a n d  d i s c o n t i n u o u s  t e s t s  fo r 
R E R .  
D iscuss i o n 
The r e s u l t s  o f  t he p r e s e n t  s t u dy i n d i c a t e t h a t  
d i s c o n t i n uous t r e a dm i l l  t e s t i n g  o f  p r e p ub e s c e n t  fema l e s 
e l i c i t s  a h i gh e r  V 0 2m a x  v a l ue t h an con t i n u o us t e s t i n g .  
Thes e r e s u l t s  d o  n o t  s up p o r t  t he f i n d i n gs o f  S k i n n e r  e t  
a l . ( 1 9 7 1 ) ,  w h o  c omp a r e d  c on t i n u o u s  v e r s u s d i s c o n t i n u o u s  
t r e a dm i l l  t e s t i n g  fo r V 0 2 m a x  i n  c h i l d r e n  a n d  f o u n d  n o  
s i gn i f i c a n t d i f f e r e n c e . A p o s s i b l e  exp l an a t i o n f o r  t h i s  
d i s c r e p a n c y  a r e  t h e  d i f f e r e n c e s  i n  t e s t  p r o t o c o l .  I n  
t h e  S k i n n e r  e t  a l . ( 1 9 7 1 )  s t u dy t h e s p e e d  o f  t h e  
t r e a dm i l l  w a s  s l ow e r  t h an t h a t  i n  t he p r e s e n t  s t u dy ( 3 . 5  
v e r s us 4 . l · mph )  wh i l e t h e g r ade a t  wh i c h t h e  f i r s t  s t a g e  
w a s  i n i t i a t e d  w a s  h i gh e r  ( 1 5 %  v e r s u s  0 % ) . 
The p r e s en t  r e s u l t s  s up p o r t  s t a t emen t s  m a d e  b y  
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P a t e r s o n e t  a l . ( 1 9 8 1 ) i n  t h e i r  s t u dy e x am i n i n g  t h e 
e l i c i t a t i o n o f  V 0 2 m ax a t  v a r i o us· t r e a dm i l l  s p e e d s . 
A l t ho ug h  P a t e r s o n  e t  a l . ( 1 9 8 1 ) us e d  a c o n t i n u o u s  
p r o t o c o l , t he y  h a v e s u gg e s t e d t ha t  a d i s c o n t i n uo u s  t e s t  
may b e  m o r e  r e l i ab l e f o r  de t e rm i n i n g  V 0 2 m ax i n  c h i l d r e n  
t han a c on t i n u o u s  t e s t . D ue t o  t h e i n ab i l i t y o f  t h e i r  
s ub j e c t s  t o  ach i e v e  a p l a t e au i n  V 0 2  i n  l e s s  t ha n  ha l f  o f  
t he t e s t s  comp l e t e d ,  a t r u e  V 0 2 m ax may n o t  hav e b e e n  
r e a c h e d  us i n g  t he i r  c o n t i n u o u s  p r o t o c o l s . 
S t ud i e s d o n e  b y  F r o e l i c h e r  e t  a l . ( 1 9 7 4 ) an d 
S t am f o r d  ( 1 9 7 5 ) , u t i l i z i n g  a du l t s  a s  s ub j e c t s , a l s o  t e n d  
t o  s u pp o r t  t h e f i n d i n g  o f  t he p r e s e n t  s t u dy t h a t  
d i s c o n t i n u o u s  t r e a dm i l l  t e s t s  e l i c i t  a h i g he r V 0 2 max t h an 
c on t i nu o u s  t r e a dm i l l  t e s t s . F r o e l i ch e r  e t  a l . ( 1 9 7 4 ) 
found s i gn i f i c a n t l y  h i gh e r  V 0 2 max v a l u e s  us i n g  a 
d i s c o n t i n u o u s  p r o t o c o l ( T ay l o r  p r o t o c o l , M = 4 7 . 4m l / k g / m i n ) 
v e r s u s 2 c o n t i n u o u s  p r o t o c o l s  ( B a l k e p r o t o c o l , M � 4 2 . 8  
m l / kg/ m i n ; a n d  B r u c e  p r o t o c o l , M = 4 4 . 2 m l / k g / m i n ) .  
S t am f o r d  ( 1 9 7 5 ) , a l s o  f o u n d  s i gn i f i c an t l y h i ghe r v a l u e s  
us i n g  f i v e  d i s c o n t i n uo u s  p r o t o c o l s  t h en on o n e  c o n t i n u o u s  
p r o t o c o l . I n  h i s  t h r e e  g r o u p s  o f  s ub j e c t s  w i t h  d i ff e r i n g  
f i t n e s s  l e v e l s , a l l t h r e e  g r o u p s  s h ow e d  s i gn i f i c a n t l y  
h i ghe r v a l ue s  o n  t h e d i s c o n t i n u o u s  t e s t . 
A l t h o u gh F r o e l i c h e r  e t  a l . ( 1 9 7 4 ) an d S t am f o r d  
( 1 9 7 5 ) hav e demon s t r a t e d t ha t  d i s c o n t i n uous p r o t o c o l s  
4 5  
e l i c i t  h i ghe r V 0 2 m ax v a l u es t h an c o n t i n uous p r o t o c o l i n  
a d u l t s , s ev e r a l  o t h e r  s t u d i e s  i n d i c a t e t h a t  t he r e  i s  n o  
d i ffe r e n c e  b e t w e e n  V 0 2 m a x  v a l ue s  de t e rm i n e d us i n g  
c o n t i n u o u s  v e � s us d i s c on t i n u o u s  t e s t  p r o t o c o l s  ( Ma k s ud & 
C o u t t s , 1 9 7 1 ;  M c A r d l e  e t  a l . ,  1 9 7 3 ; and F a r d y & 
He l l e r s t e i n , 1 9 7 8 ) . Ob v i o u s l y ,  t h e r e s u l t s  o f  t h e 
p r e s en t s t u dy a r e  a l s o  i n  c o n f l i c t  w i t h  t h e s e  t h r e e  
s t u d i e s . The p r o b ab l e  e x p l an a t i o n f o r  t h i s  c on f l i c t  i s  
t h a t  t h e p r e s en t s t udy u t i l i z e d  c h i l d ren as $ Ub j e c t s  
wh i l e t he o t h e r  s t u d i e s  u t i l i z e d  ad u l t s . S i n c e  i t  m a y  b e  
mo re d i f f i c u l t t o  m o t i v a t e  c h i l d r e n t o  comp l e t e  t h e 
c o n t i n uous t e s t , t h i s  c o n f l i c t b e t w e e n  t h e s e  s t u d i e s  an d 
t h e  p r e s en t s t u d y  i s  u n d e r s  t an d ab l_e . 
I t  i s  g e n e r a l l y  a c c e p t e d  t h a t  t h e  t r u e  i n d i c a t i o n 
o f  t he a t t a i nme n t o f  V 0 2 m ax i s  a n y  i n c r e a s e i n  V 0 2  o f  
l e s s  t han 2 . 1 m l / k g/ m i n  f o l l ow i n g  an i n c r e a s e i n  
wo rk l o ad . When t h i s  o c c u r s  i t  i s  kn own as a p l a t e a u . I n  
t h e  p r e s e n t  s t u d y  o n l y  2 o f  1 3  s ub j e c t s  m e t  t h e c r i t e r i o n 
fo r a p l a t e au d u r i n g  t h e c o n t i n uo us t e s t . T h e s e r e s u l t s  
t e n d  t o  b e  s u p p o r t e d  b y  P a t e r s o n e t  a l . ( 1 9 8 1 ) , a n d  
Cunn i n gham e t  a 1 . ( 1 9 7 7 ) . P a t e r s o n e t  a l . ( 1 9 8 1 ) , u s i n g  
a co n t i n u o u s  t e s t  p r o t o c o l , f o u n d a p l a t e au t o  b e  r e a c h e d  
i n  o n l y  2 9% o f  t h e i r  s ub j e c t s . C u nn i n gham e t  a l . ( 1 9 7 7 ) , 
a l s o  u s i n g  a c o n t i n u o u s  t e s t  p r o t o c o l , f o un d  . a p l at e a u  t o  
b e  r e ached i n  o n l y  3 8 % o f  t he i r  s ub j e c t s . On t h e o t h e r  
han d , S t ewa r t  a n d  G u t l n  ( 1 9 7 6 ) , who us e d  a c o n t i n u o u s  
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p r o t o c o l found t ha t  a p l a t e au was r e ac h e d  i n  a h i gh e r 
p e r c e n t a g e  o f  t h e i r  s ub j e c t s  ( 6 0 � ) . 
I n  t h e p r e s e n t  s t udy , 1 1  o f  1 3  s ub j e c t s  m e t  t h e 
c r i t e r i on f o r  a p l at e au d u r i n g  t h e  c on t i n u o u s  t e s t· . 
T h e s e  r e s u l t s  a r e  s up p o r t e d b y  F r o e l i che r e t  a l . ( 1 9 7 4 ) , 
who u t i l i z e d  adu l t s  a s  s ub j e c t s . They found a p l a t e a u  t o  
b e  r e ac h e d  i n  a g r e a t e r  p e r c e n t a g e  o f  s ub j e c t s  u s i n g  a 
d i s c o n t i n u o u s  t e s t  p r o t o c o l  t han a co n t i n u o u s  t e s t  
p r o t o c o l . C o n v e r s l y , C umm i n g  a n d  F r i e s e n ( 1 9 6 7 ) a n d  
K r ahenb uh l e t  a l . ( 1 9 7 9 ) , b o t h  o f  wh i ch u t i l i z e d c h i l d r e n 
a s  s ub j e c t s , found a p l a t e au t o  b e  r e ac h e d  i n  o n l y  
app r o x i ma t e l y  4 0 %  o f  t h e i r  s ub j e c t s  us i n g  a d i s c o n t i n u o u s  
p r o t o c o l . T h e  app a r e n t  d i s c r e p a n c y  b e t w e e n  t he r e s u l t s  
o f  t h e p r e s e n t s t u dy a n d  t h o s e  o f  C umm i n g  a n d  F r i e s e n  
( 1 9 6 7 ) may b e  e x p l a i n e d  b y  t h e m o d e  o f  t e s t i n g . C umm i n g  
a n d  F r i e s e n U $ e d  t h e b i c y c l e  e r gome t e r  whe r e as t h e 
p r e s e n t  s t udy us e d  t h e t r e adm i l l .  The exp l an a t i o n f o r 
t h e  d i s c r e p an cy b e t w e e n  t h e p r e s en t  s t u dy an d t h e s t u d y 
b y  K r ahenb uh l e t  a l . ( 1 9 7 9 ) i s  n o t  c l e a r . 
I n  t h e  p r e s e n t  s t u dy t h e  s ub j e c t s  w e r e  ab l e  t o  
c omp l e t e  1 . 4  m o r e  s t a g e s  d u r i n g  t h e d i s c o n t i n u o u s  t e s t 
t h an t h e  c o n t i n u o u s  t e s t . T h i s  s up p o r t s  t h e  r e s u l t s  o f  
F r o e l i c h e r  e t  a l . ( 1 9 7 4 ) who found t h e i r  s ub j e c t s  we r e  
ab l e  t o  comp l e t e  o n e  h i gh e r  w o r k l o a d  o n  t h e  d i s c o n t i n u o u s  
t e s t  t h an o n  t h e c o n t i n u o us t e s t . T h e  p r e s e n t  s t udy a n d  
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t h e  s t udy b y  F r o e l i c h e r  e t  a l . ( 1 9 7 4 ) a r e  t h e on l y  
s t u d i e s  wh i ch h a v e f o u n d t h a t  t h e r e  w a s  a s i gn i f i c a n t 
d i f f e r e n c e  b e t w e e n  c o n t i n u o u s a n d  d i s c o n t i n u o u s  t e s t i n g ; 
t h a t  a p l at e au w a s  a c h i ev e d  i n  a h i gh e r  p e r c e n t a ge o f  t h e  
d i s c o n t i n uous t e s t s ; a n d  t h a t  a t  l e a s t o n e  h i ghe r 
w o r k l o a d  w a s  c o mp l e t e d o n  t h e d i s c o n t i n u o u s  t e s t . T h e  
comp l e t i o n o f  a t  l e a s t o n e  ad d i t i o n a l  w o r k l o ad i s  t h e 
m o s t p l au s i b l e  e x p l an a t i on f o r  t h e  h i gh e r  V02max v a l u e s  
ach i e v e d  d u r i n g  t h e d i s c o n t i n uous t e s t  an d t h e  h i g he r 
p e r c e n t o f  ach i ev em e n t o f  a p l a t eau d u r i n g  t h e  
d i s c o n t i n uo us t e s t  i n  t h es e s t u d i e s when comp a r e d  t o  t h e 
r e s u l t s  o f  M ak s u d & C o u t t s , 1 9 7 1 , McA r d l e  e t  a l . , 1 9 7 3 , 
an d F a r dy & H e l l e r s t e i n , 1 9 7 8 .  
T h e r e  w a s  n o  s i gn i f i c an t d i f f e r en c e  b e t w e e n  t h e 
two t e s t  p r o t o c o l s  fo r r e s p i r a t o r y ex ch an ge r a t i o . T h i s  
f i n d i n g  i s  t o  b e  e x p e c t e d  an d s i m p l y  c on f i rm s  t h e f a c t  
t h a t  t he s ub j ec t s  i n  b o t h  t h e c o n t i n uous a n d  
d i s c o n t i n u o u s  p r o t o c o l s  w e r e  ap p r o ach i n g  max i m a l e f f o r t  
a t  t h e  t e rm i n a t i o n o f  t h e t e s t . The ab s o l u t e  R E R  v a l u e s  
a r e  s om ewhat l ow e r  t h an what wo u l d  b e  e x p e c t e d . F o r  t h e  
c o n t i n uous t e s t  t h e R ER was . 8 2 ± . 0 4 an d fo r t h e 
d i s c o n t i n uo us t e s t  was . 8 1 ± . 0 4 .  No rma l v a l u e s  a t  n e a r  
max i m a l  e x e r c i s e  a r e  i n  t h e r a n g e o f  . 9 8 t o  1 . 0 2 .  T h e 
a p p a r en t r e a s o n  f o r  t h e s e  de f l a t e d  v a l ue s  i n  RER may b e  
e x p l a i n ed b y  e i t h e r  a n  i n a p p r o p r i a t e l y  i de n t i f i e d 
p e r c e n t age o f  0 2  a n d / o r  C 0 2  i n  t h e c a l i b r a t i o n g a s  o r  
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t ha t  a s y s t em a t i c  e r r o r  e x i s t e d i n  t h e 0 2  a n d / o r  C 0 2  
an a l yz e r s . The c o n c en t r a t i o n o f  0 2  an d C 0 2  i n  t h e 
c a l i b r a t i o n gas was c h e c k e d  o n  t wo s e p e r a t e o c c a s s i o n s  
u t i l i z i n g  t h e  m i c r o - S c h o l an de r  t e chn i qu e  an d w e r e  f o u n d  
t o  b e  a c c u r a t e . S i n c e  t he c omp l e t i o n o f  t h i s  s t u dy t h e 
0 2  an d C 0 2  an a l y z e r s  hav e b e e n  s e rv i c ed . I t  was 
i de n t i f i e d by t h e s e r v i c i n g  t e c hn i c i a n that t h e an a l y z e r s  
we r e  fun c t i o n i n g  i n  a m an n e r  wh i c h c ou l d  a c c o u n t  f o r  a 
s l i ght s ys t em a t i c  e r r o r . 
A s  h a s  b e e n  i d en t i f i e d ,  t h e r e  has b e e n  s om e  
c o n c e r n a s  t o  whe t h e r  o r  n o t  t h e v a l u e s  d e t e rm i n e d f o r  
max i m a l  oxygen u p t ak e  i n  t h e  Hum a n  P e r f o rm an c e  L ab o r a t o r y  
a t  S D S U  a r e  s omewh a t  i n f l a t e d . T h i s  ' i s  due t o  a p p a r e n t l y  
h i gh e r  V 0 2 max v a l ue s  wh i c h h a v e  b e en de t e rm i n e d  i n  a 
p r e v i o u s  s t udy c om p l e t e d i n  t h i s  l ab ( Me t t l e r , 1 9 8 5 ) . 
B u t  when t he r e s u l t s  o f  t he p r e s e n t  s t u dy a r e  c om p a r e d  t o  
o t h e r  s t ud i e s c o m p l e t e d o n  c h i l d r e n , t h ey · a p p e a r  t o  f a l l 
i n t o  t he n o rm a l  p o p u l at i o n r an ge . The max i m a l  v a l ue s  o f  
t h e p r e s e n t  s t udy o n  t he d i s c o n t i n uous t r e a dm i l l t e s t 
r an g ed f r om 4 0 . 3 2  t o  6 0 . 7 4  m l / k g / m i n  w i t h  a m e a n  o f  5 1 . 7 6 
± 6 . 2 2 m l / k g / m i n  a n d  o n  t h e c o n t i n uous t e s t  ran ge d  f r o m 
4 0 . 2 6  t o  5 6 . 3 3 m l / k g / m i n  w i t h  a m e an o f  4 7 . 4 9 ± 5 . 7 4 
m l / k g/ m i n . T he s e v a l ue s  a r e  s i m i l a r t o  th o s e v a l ue s  
found i n  s t u d i e s d o n e b y  ( A s h t ori , 1 9 8 3 ) , R ow l an d  ( 1 9 85 ) , 
P a t e r s o n  e t  a l . ( 1 9 8 1 ) ,  K r ahe n b uh l e t  a l . ( 1 9 7 9 ) , C umm i n g 
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a n d  F r i e s e n  ( 1 9 7 6 ) , a n d  S t ew a r t  a n d  G u t i n  ( 1 9 7 6 ) . A s h t o n 
( 1 9 8 3 ) , us i n g  a c o n t i n u o u s  t r e a dm i l l  t e s t  i n  9 t o  1 0  y e a r  
o l d g i r l s  foun d V 0 2 ma x  v a l u e s  t o  r an ge f r om 4 5 . 5  t o  5 0 . 3  
m l / k g/m i n . R o w l an d  ( 1 9 85 ) , i n  h i s  c r i t i c a l  an a l ys i s  o f  
a e r ob i c  r e s p o n s e s  t o  t r a i n i n g , s t a t e d  t ha t  t yp i c a l  V 0 2 m a x  
v a l ue s  f o r  p r e p ub e s c en t c h i l d r e n  r an ge d  f r om 4 8  t o  5 0  
m l / k g/ m i n . P a t e r s o n e t  a l . ( 1 9 8 1 ) , us i n g  a c o n t i n u o us 
t e s t  p r o t o c o l o n  b oy s  a g e s  1 0  t o  1 2  f o un d m e an V 0 2 m a x  
v a l ue s  t o  r a n g e  f r om 5 5 . 5  ± 5 . 0  m l / k g/ m i n  t o  5 9 . 5  + 5 . 4  
m l / k g/ m i n . K r ah e n b u h l  e t  a l . ( 1 9 7 9 ) , us e d  a 
d i s c o n t i n u o u s  t r e a dm i l l  t e s t  o n  8 y e a r  o l d  m a l e s  an d 
found V0 2max v a l ue s  t o  r an ge f r om 4 3 . 8  t o  6 6 . 4  m l / k g j m i n . 
C umm i n g  an d F r i e s e n ( 1 9 7 6 ) , us i n g � d i s c o n t i n u o u s  
t r e adm i l l  p r o t o c o l  o n  b o y s  1 1  t o  1 5  y e a r s  o f  a g e , f o u n d  a 
me an V 0 2m a x  o f  5 3 . 8  m l / k g/ m i n .  S t ew a r t  an d G u t i n  ( 1 9 7 6 ) 
, us i n g  a c o n t i n u o u s  t r e a dm i l l  t e s t  o n  b o ys 1 0  t o  1 2  y e a r s  
o f  age , f o un d V 0 2 m a x  v a l ue s  t o  r an ge f r om 4 8 . 4  + 4 . 2 6 t o  
4 9 . 8  ± 6 . 0 7 m l / k g / m i n . B a s e d  on v a l u e s  r e p o r t e d  i n  t h e s e 
r e v i ew e d  s t u d i e s  t h e  v a l u e s  o f  t h e p r e s e n t  s t u dy d o  n o t  
s e em i n f l a t e d . 
The r e a s o n  wh y t h e  r e s u l t s  o f  t he p r e s e n t s t u d y  
do n o t  a p p e a r  t o  b e  a s  i n f l a t e d  as t h e re s u l t s  o f  t h e 
p r ev i ous s t u dy ( M e t t l e r ,  1 9 85 ) d o n e  i n  t h i s  l ab i s  n o t  
c l e a r . A p o s s i b l e  ex p l an a t i o n i s  t h e e x p i r ed v o l um e s  o f  
t h e c h i l d r e n  i n  t h e  p r e s e n t  s t u dy we r e  a l m o s t  5 0 %  l e s s  
. t h an t h e  exp i r e d  v o l um e s  o f  c o l l e ge - age fema l e s  i n  t h e 
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p r e v i ous s t u dy ( M e t t l e r , 1 9 8 5 ) . Any s ys t emat i c  e r r o r  i n  
t h e me t ab o l i c  m e a s u r em e n t p r o c e s s  i s  go i n g  t o  b e  f u r t h e r  
i n f l a t e d  a s  t h e v o l um e  o f  e x p i r e d  a i r  i n c r e as e s . 
The r e f o r e , t h e  v a l u e s  f r om t h e  p r e s e n t  s t udy may b e  o n l y  
s l i gh t l y  i n f l a t e d  d u e  t o  t h e l ow e r  e x p i r e d  v o l um e s . 
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Ch apt er F i v e  
S UMMARY AND C O NC L U SIONS 
The p u r p o s e  of t h e p r e s e n t  s t u dy was t o  d e t e rm i n e  
i f  t h e r e  w a s  a d i f f e r e n c e  b e t we e n  t w o  t e s t  p r o t o c o l s , o n e  
b e i n g  c o n t i n u o u s  i n  n a t u r e  a n d  t h e o t he r  d i s c o n t i n uo u s , 
f o r  t h e  e l i c i t a t i o n o f  max i m a l  o x ygen up t ak e  i n  
p r e pub e s c e n t fema l e s ( N = l 3 ) . 
E ac h  s ub j e c t  c omp l e t e d t h r e e  s e p a r a t e t e s t i n g  
s e s s i o n s . T h e  f i r s t  s e s s i o n w a s  a fam i l i a r i z a t i o n 
s e s s i on whe r e  eac h  c h i l d w a s  f am i � i ar i z e d w i t h t he 
e qu i pm e n t a n d  e x p e r i e n c e d  a s i mu l a t e d d i s c o n t i n u o u s  t e s t  
o n  t he t r e a dm i l l . T h e  p r o c e du r e s  f o r  t h e f o l l ow i n g  t w o 
t e s t i n g  s e s s i o n s  we r e  a l s o  ex p l a i n e d  a t  t h i s  t i m e . I n  
s ub s e qu e n t  s e s s i o n s , _a c o n t i n u o us t r e a dm i l l  t e s t  an d a 
d i s c o n t i n uous t r e adm i l l  t e s t  we r e  c omp l e t e d  b y  e a c h  
s ub j e c t . The o r d e r  o f  t h e t e s t  a dm i n i s t r a t i on w a s  
r an d om l y  a s s i gn e d . T h e  c o n t i n u ous t e s t  was i n i t i a t e d a t  
a s p e e d  o f  4 . 1 mph an d 0 %  g r a d e . The s p e e d  was n o t  
mo d i f i e d t h r o u gh o u t  t he t e s t . W i t h out a r e s t b e t w e e n  
w o r k l o ad s , t he g r a d e  w a s  i n c r e a s e d  b y  2 . 5 % e v e r y  t h r e e  
m i n u t e s un t i l  t h e  s ub j e c t  c o u l d  n o  l o n g e r  c o n t i n u e . T h e  
d i s c on t i n u o u s  t e s t  w a s  a l s o  i n i t i a t e d a t  a s p e e d  o f  4 . 1 
mph and 0 %  g r a d e . A ga i n , t h e s p e e d  was � o t  m o d i f i e d  
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t h r o u ghout  t h e t e s t . A f i v e  m i n u t e  r e s t p e r i o d was 
p l ac e d  b e t w e e n  e a c h  3 m i nu t e  w o r k l o ad w i t h  t h e g r a d e  
b e i n g i n c r e a s e d  b y  2 . 5 % e a c h  s t a ge un t i l  t h e s ub j e c t  
c o u l d  n o  l on ge r  c o n t i n u e  o r  un t i l  an i n c r e a s e o f  l e s s  
t han o r  e q u a l t o  2 . 1 m l / k g/ m i n  b e t we en s u c c e s s i v e  
w o r k l o ad s  w a s  r e a c h e d . 
D u r i n g t h e  c on t i n u o u s  a n d  d i s c o n t i n u o u s  t e s t i n g  
s e s s i o n , t h e  i n s p i r e d  g a s e s  pa s s e d t h r o ugh a P a r k i n s o n ­
C owan D ry G a s M e t e r  wh i l e  e x p i r e d  gas e s  w e r e  c o l l e c t e d  i n  
m e t e o r o l o g i c a l  b a l l o o n s  d u r i n g  t he l as t  m i n u t e  o f  e a c h  
e x e r c i s e  s t a g e . E x p i r e d  gas e s  w e r e  an a l yz e d  f o r  C 0 2  an d 
0 2  c o n t e n t . T h e  d a t a  w e r e  t h en r e d u c e d  t o  t h e s t an d a r d  
m e t ab o l i c  v a r i ab l e s u s i n g  s t an d a r d  f o rmu l ae .  
A p r e v i o u s  s t udy , u t i l i z i n g  c o l l ege- a ge fema l e s 
as s ub j e c t s , c om p l e t e d i n  t h e Hum an P e r fo rm an c e  
L ab o r a t o r y a t  S o u t h  D ak o t a  S t a t e  Un i v e r s i t y ,  has f o u n d 
V 0 2max v a l ue s  t o  b e  s om ewhat h i gh e r  when c omp a r e d  t o  t h e  
p o p u l a t i o n n o r ms ( M e t t l e r , 1 9 8 5 ) . A l t h ough e v e r y  e f f o r t  
w a s  made t o  l o c a t e p o t e n t i a l  e r r o r s  i n  t h e de t e rm i n a t i o n 
o f  V02max i n  t h e p r e s e n t  s t udy , c a u t i o n s h o u l d  b e  us e d  
when c omp a r i n g  t h e s e  v a l u e s  t o  t h o s e  r e p o r t e d i n  
p ub l i s h e d  l i t e r a t u r e . I f  an e r r o r  d i d  ex i s t  i t  w a s  
s ys t em a t i c  i n  n a t u r e  an d d i d  n o t  e f f e c t  t he t e s t i n g  o f  
t h e hy p o t h e s e s . 
A c o r r e l a t e d  g r o u p s  t t e s t  was us e d  t o  d e t e rm i n e  
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i f  s i gn i f i c a n t  d i f f e r e n c e s  e x i s t e d b e t w e e n  t h e m e a n s  o f  
t h e  dep en de n t  v a r i ab l e s  ( V0 2 m a x · i n  l /m i n  an d m l / k g/ m i n , 
r e s p i r a t o r y e x ch a n g e  r a t i o ,  a n d  s t a ge n umb e r  a t  t h e 
c e s s a t i o n o f  t he t e s t ) f o r  c o n t i n u o u s  and d i s c o n t i n u o u s  
t e s t i n g .  A s i gn i f i c a n t d i ffe r e n c e  w a s  fo un d i n  V 0 2 m a x  i n  
b o t h  1 /m i n  a n d  m l / k g/ m i n , w i t h  t he d i s c on t i n u o u s  t e s t  
v a l u e s  b e i n g h i gh e r . N o  s i gn i f i c an t  d i f f e r e n c e  w a s  f o u n d  
b e t w e e n  t h e t w o  t e s t  p r o t o c o l s  f o r  r e s p i r a t o r y  e x c h a n g e  
r a t i o . A s i gn i f i c an t d i f f e r e n c e  was foun d b e t we e n t he 
s t age n umb e r  at t e s t  t e r m i n at i on b e t w e e n  t h e t wo 
p r o t o c o l s . T h e  s ub j e c t s  w e r e  ab l e  t o  comp l e t e  1 . 4  
a dd i t i on a l  s t a g e s  d u r i n g  t h e d i s c on t i nu o u s  t e s t . 
C on cl usi ons 
Th i s  s t ud y  s h owed t h a t  t h e r e was a s i g n i f i c an t 
d i f f e r e n c e  i n  m a x i m a l o x y g e n  up t a k e  v a l ue s  b e t w e e n  t h e  
c o n t i n u o u s  a n d  d i s c o n t i n u o u s  t e s t  fo r p r e p ub e s c e n t 
fem a l es . T h e  s t u d y  s h ow e d  t h a t  a d i s c o n t i nu o u s  p r o t o c o l  
may b e  m o r e  ap p r o p r i a t e  fo r t he de t e rm i n a t i o n o f  V 0 2 m a x  
an d f o r  a t t a i n i n g  a t r u e  p l at e a u  i n  o x y g e n  up t ak e i n  
p r e p ub e s c en t fem a l e s . 
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RE C OMME ND A TI O N S  FOR FURTHER S T UDY 
To d e t e rm i n e  whe t he r  t h e s i gn i f i c an t d i f f e r e n c e 
i n  V02max b e t w e en c o n t i n uo u s  an d d i s c on t i n u o u s  t r e a dm i l l  
p r o t o c o l s  i s  d u e  t o  a t r u e  p hy s i o l o g i c a l  l i m i t a t i o n o r  
m o r e  d e t e rm i n e d  b y  f am i l i a r i t y w i t h s t r e n u o u s  e x e r c i s e  an 
a �d i t i o n a l  s t ud y  is w a r r an t e d . F o l l ow i n g  an i n i t i a l  
t e s t i n g  u s i n g  b o t h  c on t i n u o u s  a n d  d i s c o n t i n uo u s  
p r o t oc o l s , t he s ub j ec t s  w o u l d  p a r t i c i p a t e i n  a r i g o r o u s  
t r a i n i n g  p r o gr am t o  b o t h  i m p r o v e  f i t n e s s  � an d t o  e x p o s e  
t h em t o  s t r e n u o u s e x e r c i s e . F o l l ow i n g t h e t r a i n i n g  
p e r i o d t h e s ub j e c t s  w o u l d  a g a i n  b e  t e s t e d  u s i n g  b o t h  
c o n t i n u o us an d d i s c o n t i n u o u s  p r o t o c o l s . I f  t he p o s t 
t e s t s  r e v e a l  n o  s i gn i f i c an t d i f f e r e n c e s  b e t we en 
c o n t i n u ous an d d i s c o n t i n u o us t e s t i n g  wh i l e t h e p r e - t e s t s  
d i d ,  i t  w o u l d  b e  c on c l u d e d  t h a t  t h e p r e- t e s t  d i f fe r e n c e  
was mo r e  a fun c t i o n  o f  t r a i n i n g  a n d  fam i l i a r i t y w i t h  
e x e r c i s e  t h an i nh e r en t w i t h t he age o f  t h e s ub j e c t . 
Rep e a t i n g  t h e p r e s en t s t udy us i n g  s i m i l a r l y  a g e d  
b o y s  wou l d  a l s o  h e l p  t o  i de n t i fy mo r e  c l e a r l y  t h e  
imp o r t a n c e  o f  t h e r e s u l t s  o f  t h e p r e s e n t  s t udy . 
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App e n dix A 
INFORME D CONS E N T  FORM 
D e a r  P a r e n t s  o (  2 n d  a n d  3 r d G r ade rs : 
My n am e  i s  K a t hy F e r r a r  a n d  I am c u r r e n t l y  a 
mas t e r ' s  d e g r e e  s t ud e n t i n  t h e D e p a r t me n t  o f  H e a l t h ,  
Phys i c a l  E du c a t i o n ,  a n d  R e c r e a t i o n a t  S o u t h  D a k o t a  S t a t e  
Un i v e r s i t y .  I am a t t emp t i n g  t o  r e c r u i t  2 0  g i r l s , a g e s  8 ,  
9 ,  o r  1 0  t o  p a r t i c i p at e i n  a s t ud y  o f  max i m a l  o x y ge n  
up t ake meas u r emen t p r o c e du r e s . As  a p a r t i c i p an t i n  t h e 
s t u dy you an d y o u r  c h i l d  c an e x p e c t  t o  f i n d  o u t  h e r  
c u r r e n t c a r d i o v as c u l a r f i t n e s s  · l e v � l . 
Max i m a l o x y g e n  up t ak e  i s  t h e b e s t  m e a s u r e  o f  
c a r d i o v a s c u l a r  f i t n e s s . E ac h  c h i l d  w i l l  run o n  a mo t o r  
d r i v e n  t r e a dm i l l  d u r i n g  f o u r  d i f f e r en t  t e s t i n g  s e s s i o n s . 
E a ch s e s s i o n w i l l  b e  ap p r ox i m a t e l y  1 h o u r  i n  l e n g t h  a n d  
w i l l  b e  c omp l e t e d 1 w e e k  a p a r t . D ur i n g  t h e f i r s t  an d 
s e c on d  s e s s i o n s  e a c h  c h i l d  w i l l  b e c ome fam i l i a r i z e d w i t h 
t h e  e qu i pm e n t ( h e a d g e a r , n o s e c l i p , an d how t o  r u n  o n  t h e 
t r e adm i l l )  an d p r o c e d u r e s  o f  t he max i m a l  e x e r c i s e  
t e s t i n g . D u r i n g  t he t h i r d a n d  f o u r t h  s e s s i o n s  e a c h  c h i l d 
w i l l  p e r fo rm 2 d i f f e r e n t  max i m a l ex e r c i s e  t e s t  p r o t o c o l s  
f o r  t h e  de t e rm i n a t i o n o f  max i m a l oxygen up t ak e . 
D u r i n g  t w o  o f  t h e t e s t i n g  s e s s i o n s  t h e c h i l d w i l l  
r un a t  a c om f o r t ab l e  s p � e d  wh i ch w i l l  r em a i n  c o n s t an t  
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t h r o �gh o u t  t he t e s t .  T he g r a d e  on t he t r e a dm i l l  w i l l  b e  
i n c r e a s e d  e v e r y  2 . 5  m i nu t e s  ( a s i f  t he c h i l d  i s  r un n i n g  
uph i l l ) . D u r i n g  t he o t h e r  t w o  t e s t i n g  s e s s i o n s  e a c h  
ch i l d  w i l l  wa rm up f o r  a p e r i o d o f  5 m i nu t e s ; f o l l ow e d  b y  
a 1 0  m i n u t e r e s t p e r i o d . A f t e r  t h e r e s t p e r i o d ,  t h e 
ch i l d  w i l l  run a t  a s e t  s p e e d  fo r t h r e e , 3 m i n u t e  p e r i o d s  
w i.t h  e a c h  p e r i o d b e i n g  s e p a r a t ed b y  a 1 0  m i n u t e  r e s t 
i n t e r v a l . The g r a de o n  t h e t r e a dm i l l  w i l l  b e  i n c r e a s e d  
e ac h  p e r i o d . e a c h  ch i l d ' s h e a r t r a t e  w i l l  b e  m o n i t o r e d  
t h r o u gh o u t  t he t e s t i n g  an d t he r e  w i l l  b e  c o n s t an t  
s up e r v i s i o n an d e n c o u r a gemen t .  D r .  J ac k  E w i n g , an 
e x e r c i s e  phys i o l o g i s t  a t  S D S U ,  w i l l  be s u p e r v i s i n g  e a c h  
t e s t i n g  s e s s i o n . 
The ch i l d w i l l  b e  e n c o u r a ge d  t o  g i v e  a max i m a l  
e f f o r t  ( r un fo r a s  l o n g  a s  p o s s i b l e ) , howe v e r , t h e c h i l d 
m ay s t o p a t  a n y  t i m e  du r i n g  t h e run . T h e  r i s k o f  i n j ur y  
i n  t h i s  t y p e  o f  t e s t i n g  i s  m i n ima l an d a l l p r e c a u t i o n s  
w i l l  b e  t ak en t o  p r e v e n t  a n y  i n j u r y . The ch i l d  m a y  
w i t h d r aw f r om t he s t ud y  a t  an y t i me . I t  w i l l  b e  
i m p o r t an t  t h a t  t h e  c h i l d ab s t a i n  f r om e a t i n g  f o r  2 h o u r s  
p r i o r  t o  t h e  t e s t i n g .  T he t e s t i n g  w i l l  b e  comp l e t e d a t  
t h e  Human P e r f o rm an c e  L ab o r a t o r y a t  S D S U . 
S i n c e r e l y ,  
K a t hy F e r r a r 
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My daugh t e r , - - - - - - - - - - - - - - - - - - � ' has my p e rm i s s i o n t o  
p a r t i c i p a t e i n  t h e  max i m a l  e x e r c i s e  t e s t i n g  f o r  t h e 
de t e rm i n a t i o n o f  max i m a l o x y ge n  up t ak e . I unde r s t a n d  
t h a t  a l l t e s t i n g  w i l l  b e  c om p l e t e d a t  t h e Human 
P e r f o rm a n c e  L ab o r a t o r y  a t  S D S U  o n  a mo t o r  d r i v e n  
t r e a dm i l l . F u r t h e r , I u n d e r s t an d  t h a t  my daugh t e r  m ay 
e l e c t  t o  w i t hd r aw f r om t h e s t u dy at any t i m e . 






T I ME 
H E I GH T C I N J  
WE I GHT C LB J  
BARD . PRESS . 
TEMPERATURE C C J  
REL HUM I D I T Y 
UCF 
SPEED C M PH J 
GRADE C % J  
SAMPLE T I ME 
METER RDG # 1  
MET E R  RDG # 2  
FE 02 
FE C02 
HEART R A T E  
I NS P . UOL C UC J  
U I C L / M I N J  
U E C L / M I N J  
# L  02 EXP 
U02 C L / M I N J  
U02 C ML / KG / M I N J  
RER 
Appen d i x  · B 
D A T A  C O L L E C T I O N  S P R E AD S H E E T 
AND C E L L  F O RMULAE 
S D SU 
P E R FORMANC E 
U02 W O R K S H E E T  
S A R A  SUBJECT 
M A Y  2 ,  1 98 5  
CONT I NUOUS 
8 . 5  
1 6 . 2  
5 1 . 00 
5 1 . 00 
7 2 3 . 1 0 
2 3 . 00 
O . LtO 
2 1 . 26 
S AM P L E  # 1  
Lt . 1 0 
0 . 00 
60 . 00 
95 . 30 
1 28 . 20 
1 7 . 3Lf 
2 . 9Lf 
1 60 
3 2 . 90 
2 8 . 53 
28 . 29 
Lf . 9 1 
1 . 07 
Lf6 . 00 
0 . 77 
LABORATORY 
SAMPLE #2 
Lf . 1 0 
2 . 50 
60 . 00 
63 . 90 
1 0 1 . 70 
1 7 . Lf0 
2 . 93 
1 80 
37 . 80 
32 . 78 
32 . 52 
5 . 66 
1 . 20 
5 1 . 86 
0 . 78 
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� 5 : " N�ME 
�6 : " D� T E  
�7 : " T ES T  T Y P E  
AB : " �G E  
AS : " T I ME 
A l O : " HE I GHT C I N J  
A l l : " W E I G HT C LB J  
A l 2 : " BA R D . P R E SS . 
A l 3 : " T EMPERAT U R E C C J  
A l � : " RE L  HUM I D I T Y 
� 1 5 : " UC F  
8 1 5 : ( f2 )  0 . 02923 * $ 8 $ 1 3• 8 1 3+ 5 . 8  
A 1 6 : \ -
8 1 6 : \ -
8 1 7 : " S�MPLE # 1  
A l B : \ -
8 1 8 : \ -
A 1 S : " SP E E D C MP H J 
8 1 9 : C F 2 l  Lf . 1  
A20 : " GR A D E C % J  
820 : C F 2 J  0 
�2 1 : " SAMPLE T I ME 
82 1 : C F2 J  60 
�22 : " ME T E R  R D G  # 1  
�23 : " ME T E R  RDG # 2  
A2Lf : " F E02 
�25 : " f EC02 
�26 : " HEART R A T E  
�27 : " I NS P . UOL C UC J  
827 : C F 2 J  + 8 2 3 - 8 2 2  
A28 : " U I C L / M I N J  
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828 : C F 2 J  + 827* C 2 7 3 / C 27 3 + $ 8$ 1 3 J J • C C $ 8 $ 1 2 - C $ 8 $ 1 � * $ 8 $ 1 S J J / 7 6 0 J *60 / 8 2 1 
A2S : " U E C L / M I N J  
829 : C F 2 J  + 8 2 8 / C 1 00 - B 2 Lf - 8 2 5 J * 79 . 0Lf 
A30 : " # L 02 E X P  
830 : C f2 J  + 82 9 * 8 2Lf / 1 00 
A3 1 : " U 02 C L / M I N J  
8 3 1 : C F2 J  C B2 8 * 0 . 20 9 3 J - 8 3 0  
A32 : \ -
832 : C F2 J  \ -
A33 : " U0 2 C M L / KG / M I N J  
8 3 3 : C F 2 J  C 8 3 1 * 1 000 J / C $ 8 $ 1 1 / 2 . 2 J 
A3Lf : " RE R  
83Lf : C F 2 J  + 8 38 / 8 3 1  
A35 : \ -
835 : ( f 2 )  \ -
) 
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App e n d i x  C 
RAW D A T A  
SUBJ A6E HT NT CV02"L CV02L CRER cs DV0211L DV02L DRER DS ------------------------------------------------------------ - - --------- --------
8 . 5 129 . 54 23 . 18 56 . 33 1 . 3 1 0 . 82 5. 0 60 . 74 1 .  4 1  1) . 79 6 . 1)  
2 9 . 2 1 37 . 1 6  27 . 27 40 . 26 1 . 1 0 0 . 75 1 . 0  40 . 32 1 . 1 0  0 . 79 2 . 0 
3 8 . 2  1 29 . 54 24 . 55 52 . 2 1  1 . 28 0 . 77 3 . 0 5 1 . 95 1 . 28 0 . 80 5 . 0 
4 8 . 2 137. 1 6  28 . 1 8  54. 04 1 . 52 0 . 87 6 . 0 59. 54 1 . 68 0 . 80 7 . 0  
5 9 . 2  137. 1 6  26 . 82 47. 5 1  1 . 27 0 . 87 3. 0 49 . 94 1 . 34 0 . 85 3 . 0 
6 9 . 6  129. 54 5 1 . 36 44. 60  2 . 29 0 . 8 1  5 . 0  46. 46 2 . 23 0 . 89 6 . 0  
7 8 . 0  152 . 40 36 . 82 34 . 95 1 . 29 0 . 75 4 . 0 44. 2 1  1 . 63 0 . 82 5 . 0 
8 8 . 6  1 39. 70 30. 00 48 . 99 1 .  47 0 . 87 5 . 0  46. 94 1 . 4 1 0 . 82 6 . 0  
9 8 . 2  1 34 . 62 28. 1 8  49 . 05 1 . 38 0 . 83 5 . 0 52 . 98 1 . 49 0 . 76 6 . 0 
1 0  9 . 7 1 43 . 5 1  29 . 55 48 . 09 1 .  42 0 . 83 4 . 0  56. 69 1 . 68 0 . 86 6 . 0  
1 1  8 . 8  1 35 . 89 26 . 82 52. 94 1 . 42 0 . 8 1  5 . 0  5 8 . 67 1 . 57 0 . 75 7. 0 
1 2  1 1 . 0  1 47 . 32 36 . 36 4 1 . 95 1 . 53 0 . 83 4 . 0  47 . 5 1  1 .,,. o i ,J 0 . 87 5 . 0 
1 3  8 . 2  129 . 54 27 . 73 46 . 50 1 . 29 0 . 80 3. 0 5 6 . 96 1 . 58 0 . 78 7 . 0 ------------------------------------ - ---------- - --------- - - - ---- --------- ------
Not e .  HT=hei ght,  e m ;  WT=Me i ght,  kg ;  CV0211L=Con t i nuous Test V02 ,  1 l / k g / 1 i n ;  
CV02L=Conti nuous Test V02, l /1 i n ;  CRER=Con t i nuous Test Resp i r atory Ex c hange Rat i o ; 
CS=Con t i nuous lest stage of t er a i nat i on ;  DV02ML=Di sconti nuous Test V02 , 
al / k g / 1i n ;  DV02L=D i scont i nuous Test V02 , l /1 i n ;  DRER=Di sconti nuous Test 
Resp i ratory Ex change Rat i o ; DS=Di scont i n uous lest stage of terai nat i on .  
) 
